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PREFACE. 



Among the many recent and valuable works on Che- 
mistry, I am not aware of one having for its special object 
to explain and render simple to the beginner, the various 
processes employed in analysis, or which have been devised 
for the iUustration of the principles of the Science. Most of 
them contain much that is superfluous for the general stu- 
dent, who has but a hmited time to devote to the subject ; 
while they are wanting in those explanatory details, with- 
out which he must often fail to xmderstand the rationale 
of the operations through which he is conducted. 

It is with a wish to supply this deficiency, and at the 
same time to furnish a text-book for my own classes, that 
the present little work has been written ; and as it is in- 
tended for the use of those who have made but httle pro- 
gress in the Science, my endeavour has been throughout, to 
make everything as simple and intelligible as possible. The 
employment of complicated or expensive apparatus has 
been almost wholly avoided. 

The outline of most of the First Part was arranged some 
years ago by my friend Professor Miller (at that time De- 
monstrator of Chemistry in King's College), for the use 
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and direction of the class of Chemical Manipulation, then 
first established to supply a growing demand, and to meet 
the requirements of the University of London, and some 
of the other examining Boards of the Metropolis. In the 
compilation of the Second and Third Parts, I have been 
much indebted to the excellent works of Eose, Fresenius, 
Pamell, and others ; I must also here thank my colleague, 
whose name I have already mentioned, for many valuable 
suggestions, and for his kindness in revising the proof 
sheets, without which assistance many errors would have 
crept in, and rendered the book less worthy of the student's 
confidence. 

JOHN E. BOWMAN. 

King's Collbgb, London, 
September, 1848. 
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INTRODUCTION. 



1. So essentially is chemistry an experimental science, 
and so almost exclusively is it built up of facts which have 
been elucidated by experiment, that without experimental 
illustrations it would be quite impossible to teach or to 
study it with any great amount of success. It is not 
enough, however, for the student to see experiments per- 
formed by others ; he must, if he would master even the 
general principles of chemistry, learn to make experiments 
himself; and he will, probably, be surprised how much 
more easily he will retain in his recollection those pheno- 
mena (as well as the principles they illustrate) which his 
own hands have been the means of producing. This is 
especially the case when he is enabled, while operating in 
the laboratory, to learn and study the theory of the changes 
which take place under his direction. 

2. With the view of enabling the beginner to do this as 
much as possible, I have in the following pages explained, 
by means of chemical symbols and equations, nearly the 
whole of the changes and decompositions which take place 
in the experiments described. The symbols which I have 
made use of are those now almost imiversally adopted by 
chemists ; and it will be seen by the following Table, that 
they consist, for the most part, of the first letter or two 
letters of the Latin names of the elements which they 
express. 

b 
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INTRODUCTION. 



TaUe of Elementary Subitances {arranged alphabetically)^ 
shewing their gymhoh, atomic weights^ and the composition 
of some of their compounds. 



Lto-M.»Ov^r-^ 






Name. 



Aluminum. . 

Antimony . , 

Arsenic .. .. 
Barium .... 

Bismuth. . . , 

Boron 

Bromine. . . . 

Cadmium .. 

Calcium . . . . 

Carbon .... 

Cerium . . . . 

Chlorine 

Chromium. . 

Cobalt 

Copper .... 
(Cuprum.) 

Didymium. . 

Fluorine . . . 

Glucinum . . 



Symbol. 


Atomic 
Weight. 


Al 


]4 


Sb 


129 


As 


76 


Ba 


6a 


Bi 


107 


B 


11 


Br 


78 


Cd 


56 


Ca 


20 


C 


6 


Ce 


46 


CI 


36 


Cr 


28 


Co 


30 


Cu 


32 


D 


9 

• 


F 


18 


G 


7(?) 



Compounds. 



1 



{ 



{ 



AI2O8 Alumina. 

AI2CI3 Chloride of aluminum. 

AI2 63,380 8 Sulphate of alumina. 

SbOs Oxide of antimony. 
Antimonious acid. 
Antimonic acid. 

Arsenious acid. 
Arsenic acid. 



Sb04 
SbOg 

AsOs 
AsOg 



BaO Baryta. 

BaCl Chloride of barium. 

BigOg Oxide of bismuth. 

Bi2 O 8 ,3N0 5 Nitrate of bismuth. 

Bi2Cl8 Chloride of bismuth. 

BO 3 Boradc acid. 

BrO^ Bromic acid. 
HBr Hydrobromic acid. 

CdO Oxide of cadmium. 
CdS Sulphide of cadmium. 

CaO Lime. 

CaCl Chloride of calcium. 

CO Carbonic oxide. 
CO 2 Carbonic acid. 
CS2 Sulphide of carbon. 

CeO Oxide of cerium. 

Ce203 Sesquioxide of cerium. 

C/O5 Chloric acid. 
CIO 7 Perchloric acid. 
HCl Hydrochloric acid. 

CrOn Chromic acid. 

Cr203 Oxide of chromium. 

Cr2 O 3 ,3S0 8 Sulphate of chromium. 

CoO Oxide of cobalt. 
C02O3 Sesquioxide of cobalt. 

CU2O Suboxide of copper. 
CuO Black oxide of copper. 
CuOjSOg Sulphate of copper. 

? 

HF Hydrofluoric acid. 
BF3 Fluoboric acid. 

GOe Glucina, 

GCle Chloride of Glucinum. 
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XIX 



w^ 



Name. 



Gold 

(Aurum) 



l«twv 



Hydrogen 
Iodine.... 



Iridium 



Iron , 

(Femun) 

T^mthannm . 



« V^l 



Lead 

(Pinmbum) 



lithiom. 



Magnesium . 



Manganese .... 



Mercuxy. 



I* In 



Molybdenum 
Nickel 

Nitrogen . . . 



Ounxom. . . . 
Oxygen . . . . 
Palladium.. 

Phosphorus 



Platinum 



Potassium . . 
(Kalium). 



Rhodium 



Symbol. 


Atomic 
Weight. 


Au 


200 


H 


1 


I 


126 


Ir 


99 


Fe 


28 


Ln 


48 


Pb 


104 


Li 


7 


Mg 


12 


Mn 


28 


Bg 


202 


Mo 


48 


Ni 


30 


N 


14 


Os 


99 





8 


Pd 


54 


P 


32 


Pt 


99 


K 


40 


R 


52 



Compounds. 



AuO Oxide of gold. 
AuOs Teroxide of gold. 
AuCls Terchloride of gold. 

HO (or Aq) Water. 

if Ofl Binoxide of hydrogen. 

10 5 Iodic add. 
HI Hydriodic acid. 

IrO Protoxide of iridium. 
Ir208 Sesquioxide of iridium. 

FeO Protoxide of iron. 
Fes Ob Sesquioxide of iron. 

LnO Oxide of lanthanum. 



PbO Protoxide of lead. 
Pb804 Red oxide of lead. 
PbCl Chloride of lead. 

UO Lithia. 
, LiCl Chloride of lithium. 

MgO Maffnesia. 
. MgCl Chloride of magnesium. 

MnO Protoxide of manganese. 
MnOa Binoxide or black oxide. 
MnO 8 Manganic acid. 
Mn^Oy Permanganic acid. 

HgO Protoxide of mercury. 
Hg02 Red oxide of mercury. 
HgCI Protochloride of mercury. 
HgCls Perchloride of mercury. 

MoOs Molybdic add. 

NiO Oxide of nickel. 
NiaOa Sesquioxide of nickeL 

NO 5 Nitric acid. 

Binoxide of nitrogeut 
Ammonia. 

Osmic acid. 
Binoxide of osmium. 



NOa 
NHs 
OsO^ 
OsOa 



r PdO Protoxide of palladium. 
1 PdO 2 Peroxide of palladium. 

IPOg Phosphoric add. 
POg Phosphorous acid. 
FHs Phosphuretted hydrogen. 

r PtO Protoxide of platinum. 
\ PtO 2 Binoxide of platinum. 

fKO Potash. 

\ KCl Chloride of potassium. 

r RO Protoxide of rhodium. 
\R2O8 Sesquioxide of rhodium. 
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Name. 


Symbol. 


Atomic 
Weight. 


Compounds. 






Ruthenium .... 

Selenium 

Silicon 

Silver 


Ru 
So 
Si 
Ag 

Na 

Sr 

S 
Ta 

Te 

Th 
Sn 

Ti 
W 

U 
V 
Y 

Zn 

Zr 


52 
40 
22 

108 

24 

44 

16 
185 

64 

60 
69 

24 
96 

60 

69 
32 

32 

34 


RU2O8 Sesquioxide of ruthenium. 

r SeOg Selenic acid. 

I HSe Hydroselenic acid. 

SiOs Silicic 4cid. 

r AgO Oxide of silver. 
\ AgCl Chloride of silver. 

rNaO Soda. 

\ NaCI Chloride of sodium. 

fSrO Strontia, 

t SrCl Chloride of strontium. 

r SOg Sulphuric acid. 

\ HS Hydrosulphuric add. 

r TaO 2 Oxide of tantalium. 
\ TaOg Tantalic acid. 

/TeO 3 Telluric acid, 
i HT Hydrotelluric acid. 

r ThO Oxide of thorium. 
\ ThCl Chloride of thorium. 

f SnO Protoxide of tin. 
iSnOg Peroxide of tin. 

f TiO Titanic acid. 
l.TiCl2 Bichloride of titanium. 
WOg Tungsticacid. 

/ UO Protoxide of uranium. 

\ U2O8 Sesquioxide of uranium. 

VOg Vanadic acid. 

/YO Yttria. 

\ YCl Chloride of Yttrium. 

fZnO Oxide of zinc. 
\ ZnCl Chloride of zinc. 

r Zr203 Zirconia. 

iZrClg Chloride of zirconium. 




(Argentum.) 

Sodium 

(Natronium.) 

Strontium 

Sulphur 

Tantalium 

(or Columbium) 

Tellurium 

Thorium 

Tin 


L-v- -tA. w 


(Stannum.) 
Titanium 

Tungsten 

(Wolfram.) 

Uranium 

Vanadium 

Yttrium 

Zinc 






Zirconium 





3. Each of these symbols expresses one equivalent or 
atom of the substance which it represents. Thus H stands 
for one atom or equivalent of hydrogen ; Cu for an equiva- 
lent of copper ; ffg for one of mercury. 

When a small £gure is placed to the right of a symbol, 
rather below the line, it means that there is that number 
of equivalents of the substance present. Thus Pb^ means 
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two equivalents of lead ; O5, five equivalents of oxygen ; 
Hjo, ten equivalents of hydrogen. 

Two or more symbols placed together, signify that the 
elements which they represent are chemically united in the 
closest manner. Thus HO stands for water, which is a 
compound of one equivalent of hydrogen and one of oxy- 
gen ; SO3 represents anhydrous sulphuric acid, composed of 
one equivalent of sulphur and three of oxygen ; C,jH,gO,o 
represents starch, which consists of 12 equivalents of car- 
bon, 10 of hydrogen, and 10 of oxygen, chemically combined 
together. 

When symbols are separated by a comma, they represent 
compounds which are held together by a force less strong 
than that which unites elements that have no such mark 
interposed. Thus KOjSOg means sulphate of potash, com- 
posed of potash and sulphuric acid. The constituents of 
sulphate of potash therefore, are both compounds, and the 
affinity which unites the potassium with the oxygen, and 
the sulphur with the three equivalents of the same ele- 
ment, is supposed to be stronger than that which imites 
the acid with the base, since it is easier to break it up into 
potash and sulphuric acid, than into potassium, oxygen, 
and sulphur. 

When the sign + is interposed, it indicates that the 
substances between which it is placed are luiited in a man- 
ner still less intimate. Thus in crystallized carbonate of 
soda (NaO,C02 + 10 Aq), we have sodium and oxygen in 
the soda, and carbon and oxygen in the carbonic acid, 
combined in the closest and strongest manner ; the soda 
and carbonic acid thus formed are separated by a comma, 
shewing that they are held together by what we may here 
call the second degree of affinity ; while the 10 equivalents 
of water of crystallization, separated by the sign +, are 
held by a much weaker force, so feeble indeed that a very 
moderate heat is sufficient to expel them. 
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The sign + is used also to separate the symbols of sub- 
stances which are entirely disunited, as when we wish to 
express a mixture of carbonate of lime and hydrochloric 
acid, we put it thus, CaOjCOj -|- HCL 

A large figure placed immediately before a symbol, mul- 
tiplies all the symbols as far as the next comma or -f sign. 
Thus, in the common phosphate of soda (2NaO,HO,POg) 
there are two equivalents of soda, one of water, and one of 
phosphoric acid, combined together. K a large figure were 
placed before the whole formula enclosed in brackets, thus, 
5(2NaO,HO,P05), it would represent 6 equivalents of the 
entire salt. 

4. It is really wonderful how much these little symbols 
are capable of expressing, and how often and completely 
they assist in . simplifying and rendering intelligible even 
the most complicated chemical changes ; for besides the 
information they convey relative to the composition of the 
substances which they express, they can be so combined in 
the form of equations, as to shew in the most perfect man- 
ner, the various compounds which result during chemical 
decompositions. For this purpose, the symbols of the sub- 
stances employed are placed together so as to form one 
side of the equation ; on the other side are placed those of 
the substances which are produced during the decomposi- 
tion ; and as no atom of matter is lost during these trans- 
formations, it necessarily follows that the value of both 
sides of the equation must be equal. For example, the 
decomposition of carbonate of lime by hydrochloric acid 
may be thus represented : — 

CaO,CO, + SClz=i GaCl + 5^0 -f C 0,. 

Here we place the symbols of carbonate of lime and 
hydrochloric acid on one side, and on the other those of 
chloride of calcium, water, and carbonic acid, which are pro- 
duced during the decomposition ; and it will be observed 
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that on each side there are exactly the same number of 
equivalents, viz. 1 of calcimn, 3 of oxygen, 1 of carbon, 1 of 
hydrogen, and 1 of chlorine. 

5. I have ventured to introduce a slight modification of 
the usual mode of printing the symbols, which will enable 
the student to see at a glance whether the substances Ex- 
pressed, are in the solid, liquid, or gaseous form. 

Those in the solid state are printed in strong Roman 
type, as Pb, lead- Liquids, or substances in solution, are 
printed in strong italics, as HO, water ; and gases or va- 
pours are represented by thin letters, as H, hydrogen, HO, 
steanL 

Thus in the above equation, liquid hydrochloric acid 
(HCl) is poured on soUd carbonate of lime (CaO,COj) ; 
chloride of calcium (CaCl) is formed, which remains in 
solution, together with carbonic acid (COj), which passes 
off in the gaseous form. 

6. It is very important that the student should at once 
begin to make carefiil notes of all the experiments he en- 
gages in. He should endeavour to do this in as concise 
and methodical a manner as possible, and he will find it 
very advantageous to make use of symbols in describing the 
substances he employs, and the changes which they under- 
go : he will thus be able to record much in a small space, 
and at the same time he will be making himself famihar 
with the composition of the substances with which he is 
experimenting. 

7. When, as is often the case, especially in analytical 
experiments, there are several solutions and precipitates 
either filtering, digesting, or waiting tiQ the operator has 
leisure to attend to them, it is necessary to mark them in 
some way, to prevent confusion. This is easily done with 
small pieces of gummed paper, on which a letter or number 
may be written, corresponding with a similar reference 
mark in the note book. 
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8. The student will soon learn by experience that he 
cannot be too methodical in his operations, or too carefiil 
in cultivating habits of neatness and cleanliness. The pre- 
sence of a little saline or other impurity in a glass, owing 
to careless washing, or a little extraneous matter having 
been allowed to find its way into a bottle or test-tube, may 
retard or spoil the result of whole days of labour. 

" Much as the chemist may soil his fingers during his 
experimental occupations, he will soon learn the great im- 
portance of cleanliness to the success of his experiments. 
The regular course of his operations causes many kinds of 
matter to pass in succession through his hands ; and many 
of the substances, which by mixture have exhibited the 
phenomena they were competent to occasion, and so far 
answered the purpose of the experiment, then become 
mere useless dirt. Their dismissal and entire removal 
when thus circumstanced become necessary, that they 
may not contaminate other bodies ; and are as impera- 
tively required, as was the care previously bestowed tp 
prevent their contamination from extraneous matter. 

" It is this rapid change in the character and relation of 
the substances with which the chemist works, that makes 
a constant attention to cleanliness essentially necessary. 
The very bodies which at one moment are carefully re- 
tained in vessels that have previously been cleansed with 
the most scrupulous attention, become the next in the 
situation of so much dirt, from which the vessels must be 
cleansed as perfectly and carefully, before they can be fit 
for another experiment, as they were for the reception of 
the now rejected matter. The results of numerous experi- 
ments relative to testing bodies in solution by reagents, 
are in many cases dependent on the employing of clean 
vessels. For instance, a portion of water examined in 
glasses which have been carelessly washed, may occasion a 
slight precipitate with nitrate of silver or chloride of ba- 
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rium, and thus seem to contam a chloride or a sulphate 
(403, 429), when the cause of the precipitate may be no- 
thing more than portions of salts adhering to the vessel. 

" In the same manner the purity of an acid or a test, is not 
un£requently affected by the state of the bottle containing 
it, or by the dirty condition of glass rods dipped into it, or 
of the funnels through which it has been poured or filtered, 
or of the vessels used in its transference ; and sometimes 
it is contaminated by laying the stopper of the bottle con- 
taining it in a dirty place. Nor is it only that kind of dirt 
or impurity which gives an evident tinge to what it adheres 
to, that is to be avoided, but also numerous colourless 
substances, as salts, solutions, &c. ; and in a word, anything' 
which differs from the principal substance itself, and is at 
the same time liable to be dissolved or mixed with it. 

"In consequence of these liabilities, and their interference 
with experiments, it should be established as a general rule 
in the laboratory, that no apparatus, nor any vessel, (ex- 
. cept such as may be destined to a particular use, and is as 
convenient when with a httle previously adhering matter 
as if it were clean,) be put away in a dirty state. All 
vessels or instruments when resorted to, should be foimd 
fit for the nicest experiment to which they are appHcable. 
Glass rods or stirrers should be preserved in a dean place ; 
glasses, on a dean shelf ; and stoppers, when taken out of 
bottles, should be laid upon clean surfaces. These atten- 
tions and regulations will be foimd always useful, at times 
'lessential ; and they are generally more requisite and in- 
fluential in minute chemistry, than in large experi- 
ments." * 

9. It is easy to clean even the dirtiest vessel, provided it 
has not been allowed to remain long with the impurities 
adhering to it ; this, indeed, should never be permitted, 
and is readily avoided by making it a rule never to leave 

* Faraday's Chemical Manipulation, p. 528. 

c 
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work for the day until the whole of the soiled apparatus 
has been thoroughly washed, and left to drain during the 
night, ready for wiping the next morning. For most pur- 
poses of cleaning, water will be found sufficient, especially 
when the dirt is still moist ; and when mere rincing does 
not remove it, gentle friction with moist tow and coal ashes, 
will, in most cases, prove effectual. When the form of the 
vessel to be cleaned is such as will not allow the introduc- 
tion of the hand (as flasks, test-tubes, &c.), a piece of stick 
or wire, having a little tow wrapped round the end, will be 
found very convenient. Glasses or basins that have been 
set aside to drain, should, before using, be wiped with a dry 
clean doth, to remove any adhering particles of dust or 
moisture. Bottles or flasks, when required to be perfectly 
dry inside, may, after most of the water has been removed, 
be easily dried by warming them gently, and blowing air 
into them through a glass tube, either with the bellows or 
from the lungs ; in this way the water is converted into 
vapour^ which is quickly removed by the current of com- 
paratively dry air. 

When a glass or dish is greasy, it should be first wiped 
as clean as possible with tow or a dry cloth, then moistened 
with a little strong potash, and, lastly, well washed and 
rinced with water. When the dirt to be removed is resin- 
ous also, or tarry, the application of strong potash or sid- 
phuric acid will generally act upon it in such a way, that 
subsequent washing with water, together with gentle fno- 
tion with coal ashes, will render it quite clean. It often 
happens, especially when a glass has been allowed to dry in 
a dirty state, that an insoluble crust is formed on the sur- 
face, which is very difficult of removal by mechanical 
means, but readily yields on the application of a few drops 
of hydrochloric or some other acid. An instance of this is 
afforded by solutions of lime, which, on exposure to the air, 
frequently deposit a crystalline sediment of carbonate 
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of Mme, which adheres strongly to the glass, but instantly 
dissolves on the addition of the acid. 

10. When thrown upon his own resources, the student 
will often find it of the utmost value to be able to substi- 
tute, in default of more perfect apparatus, the common 
things used in domestic life, which are to be found in every 
house, such as glasses, plates, cups, saucepans, &c. When 
in addition to these he has at his command a blowpipe, a 
small piece of platiniun foil and wire, a flask or two, a fun- 
nel, and a little glass tubing of different sizes, he will, with 
the exercise of a little ingenuity and contrivance, be able 
to go through a very considerable course of experimental 
chemistry. He may rest assured that it is no disadvantage, 
but rather the contrary, to be thus compelled to devise 
and construct for himself rude and extemporaneous forms 
of apparatus ; and if he should require encouragement to 
persevere in spite of the scantiness of his resources, he 
need only be reminded that the majority of those whose 
names shine brightest in the annals of science, have laid 
the groimdwork of their future eminence while placed 
under the most unfavourable circumstances. So it was 
with the great Davy ;* so with Dalton, with Scheele, Fara- 
day, Dumas, liebig, and many others almost equally illus- 
trious. 

" Habits of correct and delicate manipulation veiy much 
fiunlitate experimental enquiries at all times. It is not in 
difficult researches only that it is desirable, but even in 
such common operations as testing for lime, or iron, or sul- 
phuric acid, its advantages become manifest; for either 

* ** His meanB, of oonrse, were very limited; not more extensive than those 
frith which Priestley and Scheele began their labours in the same fniitftil field. 
His apparatus, I believe, consisted chiefly of phials, wine-glasses, and tea-cnps, 
fcobaooo-pipes, and earthen crucibles ; and his materials were chiefly the mine- 
ral adds and the idkalies, and some other articles which are in common use in 
medicine."— Life of Sir H. Davy, by John Davy, M.D., vol. i. p. 43. 
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time is shortened, or the apparatus considered as neoeasaiy 
is diminished, or effectual substitution is made for those 
that may be wanting, and thus the experiment becomes 
easy, where otherwise it would be considered impossible. 
Besides facilitating such enquiries, it also diminishes the 
expense both in materials and apparatxis, and it produces 
beneficial habits in the mind, by exercising it both in in- 
vention and perception even in this subordinate part of its 
operations. 'Nothing,' as Dr. Johnson observes, *is to be* 
considered as a trifle, by which the mind is inured to 
caution, foresight, and circumspection. The same skill, 
and often the same degree of skill, is exerted in great and 
little things.'"* 

* Faxaday, op. cit. p. vi. 
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PRACTICAL CHEMISTRY. 



PSEOMATIC 



11. The gas-holder used in the foOowing experiments, 
which bears the name of its inventor, Mr. Pepys, consists 
of aa upright hoUow box a, usually made of zinc or copper, 



connected by means of two tubes b and c with a shallow 
pan d placed above it The tubes are open at both ends, 
the loiter one c reaching to within about half an inch of 
the bottom. The external glass tube/ shews the height 
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at which the liquid stands in the vessel. The lateral open- 
ing e is closed by a screw-cap before filling the vessel with 
water ; the stopcocks h and c are then opened, and water 
poured into the upper pan, when it passes down the tube 
c, the air escaping up the other tube, until it is full, when 
no more bubbles of air will rise from the tube h. 

When the gas-holder is filled with water, the stopcocks 
h and c are to be closed, and the screw cap maybe removed 
from e without danger of the water rushmg out, since it is 
kept in by the pressure of the external atmosphere ; but 
care must be taken not to remove the screw cap while 
either of the stopcocks is open, as the water woidd rush 
out with great force. The beak of the retort may then be 
introduced aa shewn in the figure, when the gas wiU rise in 
bubbles through the water, which is gradually displaced, 
and flows out through the aperture e.* 



SECTION I. 

PreparcUion of Hydrogen (H).t 

12. Weigh 300 grains of granulated zinc, and introduce 
the fragments carefully through the tubulure of the retort, 

sliding them, not dropping them 
in, to avoid the risk of breaking 
the bottom of the retort, which 
is usually of thin glass, and 
consequently seldom strong 
enough to bear a blow with- 
out injury. 

Pour upon the metal four 

fluid ounces of dilute sulphuric 

acid, consisting of one part by 

measure of oil of vitriol (HO^O^), and five parts of water. 

Effervescence immediately commences, owing to the rapid 

evolution of the gas, the first portions of which, being 

* In the absence of a gas-holder, the gases may be collected in Jars over the 
pneumatic trough (see par. 18). 

t The specific gravity of hydrogen is lower than that of any other form of 
ponderable matter, being only 0.069, that of common air being considered 1.000. 
100 cubic inches weigh, at the ordinary temperature and pressure of the air, 
2.138 grains, while the same quantity of common air weighs 31.00 grains. The 
atomic weight of hydrogen is 1, and its combining volume 1. 




PREPARATION OF HTDBOQES. 3 

miied with the common £ur previously in the retort, may 
be collected eeparately in a small jar over the pneumatic 
trough, and afterwarda rejected. 

The decompoeition that takes place may be eeen in the 
foHowiiig equation : 

Za+ffO^O,=ZnO^O,+H. 

The beak of the retort may now be inserted into the 
lateral apertm^ of the gas-holder, which should have been 
previoualy placed over the pneumatic trough bo as to 
catch the water as it is displaced by the gas. 

When the effervescence subsides, and sufficient gas is 
collected, remove the gas-holder from the trough, and pro- 
ceed with the following experiments. 



13, Fill a small jar from the gas-holder,* and baling 
closed the bottom of the jar 
with a plate of glass, remove ~^ 
it to the pneumatic trough. IT 
Decant a portion of this gaa ""^ 
to a smaller jar, and test 
its inflammability with a 
taper. Observe the depo- 
mt of dew in the inside of 
the jar after the combus- 
titm, which ia i' 
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formed by the combination of the hjdrogeii vith oxt- 

gen. H+0=FO. 

14. Fill & smell jar with the gae, and having removed it 
from the gas-holder, let it stand for a few aeconda with its 
open end upwards. If a lieht^d taper be now applied, no 
combustion will ensue, as the hydrogen will have escaped 
upwards, on account of its very low specific gravity. 

16. Repeat the last experiment, holding the jar with the 
open end downwardt. On applying a lighted taper, a sUght 
explosion will take place, shewing that the hydrogen had 
not escaped as before. 

16. Transfer some 
of the gas from a large 
jar to a small one, and 
fium this again to 
tubes, until it can be 
done without allow- 
ing any bubbles to es- 
cape. When the ^a& 
is to be decanted in- 
to a jar or tube which 
is much narrower, it 
may be first transfer- 
red into a lipped glass, 
or an inverted fimnel may be used. 

IT. Transfer a little of the hydrogen in this way into a 
graduated tube, and mix it with varying but definite por- 
tions of common air ; then ascertain by experiment what 
proportions detonate most loudly when a lighted taper ia 
applied. The jars used for these experiments should be 
small and strong, to avoid risk of tincture by the force of 
the explosion. 

SECTION n, 

Preparatum of Carbonu! Acid (COj).* 

18. As this gas is to a considerable extent soluble in 
water, it is better in its preparation not to use the gaa- 

• The Bpeclflc gavUj of cirbonic add Ig J.iS4 (dr being 1.01,100 mblo 
InchM woiehing i;.i6 graioi. Its iloinic weight 1b ra; mid lu cmqWnlnn 
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holder, on account of the large quantity of water it would 
then have to pass through, but to collect it at once in jars 
over the pneumatic trough. 



19. Put 300 grains of inarblo (CaO,CO,) broken into frag- 
ments about the aize of a pea, into a retort, observing the 
Bsme precautions as were raconunended in the preparation 
of hydrogen (12). Measure out an ounce and a half of 
hvdrochloric acid fSClJ, dilute it with an equalquantity 
01 water, and pour the mixture upon the marble. The gaa is 
umaediatelv given off, causing brisk efierrescence, and it 
may be collected in jare placed on the shelf of the pneu-' 
matic trough, the first jar full being rejected as impure. 

CaO,C0,+Ba=CaCl+S0+C0,. 

20. Introduce a 

taper into a amal 
the gas held with its open 

end upwards. It is in- l^ 

stantly eitinguiahed ; and TJ 

ae the car^nic acid re- I 

niiins some time in the 5! 

jar, on account of its high 
Bpecific gravity, the taper 
May be extinguished re- 
peatedly in the same jar 
fill of gas. 

21. Pour a little lime-water (CaO) into a test glass 
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and thenc« into a jar filled with the gas, closing the mouth 
of the jar with ftgla&s plate, and agitetiBg the gas and 
liquid together. The lime water almost immediately be- 
comes milky, owii^ to the formation of carbonate of lime 
(CaOjOO,) which is insoluble in water. 

If a few drops of hydrochloric acid fHCS) be added, the 
carbonate of luue is decom^aed, and the milkineBS disap- 
pears, chloride of caldum bemg formed, which is soluble m 
™*®''' {CaOfiO,+nCl=0!tCl+SO+COy) 

- 22. Having filled a jar with 

j<^ the gaa, pour it like water, 

/ <\^^j p^' into anotner jar somewhat 

(T fl!Jr 3 smaller; this is eaaily effected, 

^"^^""""^ owing to the high si)ecifio 

gravity of carbonic acid. Test 

its presence in both jars with 

lime water, and by its power 

of extinguishing s taper. 

23. lie high specific gra- 
vity of carbonic acid, and its 
power of eitinguishing flame, 
may be strikingly shewn by pouring it from a jar upon 
a hghted candle, which is instantly put out, 

24. By means of a narrow tube open at both ends, flU a 
jar over the pneumatic trough, with air from the lungs. 



Test it with a lighted taper, and observe that it causes an 
abundant precipitate in Eme water, owing to the presence 
of carbonic acid. 
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26. Invert a jar filled with 
common air over a lighted 
taper floating on the water 
of the pneumatic trough, 
and observe that it soon 
bums dim, and is shortly 
extinguished, the water at 
the same time slowly rising 
in the jar.* When the com- 
bustion is over, invert the : 
jar, and test the air con- s^ 
tained in it with lime water 
for carbonic acid. 




SECTION m. 

Preparation of Binoaride of Nitrogen (NO,).t 

26. Put 300 grains of copper turnings into a retort, and 
pour upon it an oimce and a half of strong nitric acid 
(NO J previously diluted with an equal quantity of water. 
Decomposition immediately commences, and the binoxide 
is formed by the action of the copper on a portion of the 
nitric acid, thus : — 

3 Cu+4 ^^0^=3 (CuOyNO^J-^-^Oy 
The gas which is first formed becomes orange, owing to 
its conversion into nitrous acid (NO 4) by combining with 
the atmospheric oxygen contained in the retort (N0.+ 

2 0=N05. 

27. Trailer a little to a jar, and test it with a taper ; 
observe the orange fumes of nitrous acid which are in- 
stantly produced wherever the gas mixes with the air. 

28. Measure a definite quantity of {he gas in a graduated 
receiver, and transfer it to another jar over the pneumatic 
trough : then measure off an equal volume of atmospheric 
air, and add it by decantation, to the binoxide. When the 

* The abflorption of air and consequent rising of the water in the Jar, is here 
owing to the disappearance of the oxygen, which combines with the hydrogen 
and carbon of the burning wax. Nearly one-fifth of the air is thns condensed, 
that being the proportion of oxygen contained in the atmosphere ; the re- 
maining fonr-fifths are nitrogen. 

t The specific gravity of binoxide of nitrogen is 1.089, 100 cubic inches 
weighing S3.SS grains. Its atomic weight is 80. uid its combining volume 2. 
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orange fumes have disappeared, owing to the absorption of 
the nitrous acid by the water, transfer it again to the grar 
duated jar, and observe the volume of the mixture, noticing 
accurately the difference between this and the sum of the 
original volumes employed before mixing. This experi- 
ment should be repeated three or four times, and if the 
results in each case agree pretty closely, take the average 
of the experiments, and the amoimt of condensation, 
divided by three, will give very nearly the quantity of oxy- 
gen contained in the atmospheric air employed. One equi- 
valent of binoxide of nitrogen occupying two volumes, when 
combined with two equivalents or oxygen occupying one 
volmne, forms one equivalent of nitrous acid (NOJ which 
is absorbed by the water; consequently one-third of the gas 
absorbed consists of atmospheric oxygen. 

Though the results obtained in this way are not very ac- 
curate, owing to the formation of other oxides of nitrogen, 
they are sufficiently so to allow of its occasional employ- 
ment in determining the quantity of free oxygen in a gase- 
ous mixture ; and slso when the whole of the uncombined 
oxygen has to be removed from a mixture containing it. 



SECTION rv. 

Preparation of Otefiant Gas. (C^HJ.* 

29. Pour into a retort six fluid drachms of alcohol 
(C^HJ)yHO) and add to it in small portions an oimce and 
a hau of strong sulphuric acid (HOySO^ gently agitating 
the mixture after each addition. Apply a moderate heat, 
and take care that the black froth which is formed towards 
the close of the operation, does not boil over. Collect the 
gas in jars over the pneimiatic trough, or in the gas-holder. 

30. Examine a small jar full with a taper, and observe 
that, though the taper is extinguished, the gas bums with 
a bright 'wmite flame. 

31. When mixed with an equal volume of chlorine (CI) 
the two gases combine, forming a heavy oily compouna 
called chloride of olefiant gas (GJSfil.J, 

(C4H,)-f-2Cl=C,^4C;,. 

* The specific gravitj of olefiant gas is 0.981, 100 cubic inches weighing 
80.67 grains. Its atomic weight is 14, and its atomic volume 3. 
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The oil collects in drops on the sides of the jar and on 
the surface of the water, while the gases are gradually 
absorbed. 

Olefiant gas derives its name from the circumstance 
of its forming this oilj compound. 

32. Mix t^ether one volimie of olefiant gas and two 
volumes of chlorine ; close the jar with a glass valve, and 
quickly remove it from the pneimiatic trough. Applv a 
light to the mixed gases, and observe the dense cloud of 
carbonaceous matter that is formed as the combustion gra- 
dually passes down the jar, hydrochloric acid being at the 
same tune produced. 

C4H,+4C1=4HCH-4C. 



SECTION V. 

Preparation of Carbonic Oxide (C 0).* 

33. Carbonic oxide is prepared by the action of strong 
sulphuric acid (HOySO^ on oxalic acid {R0fijd^-\-2Aq), 
When a mixture of the two acids is warmed, the oxahc is 
resolved into carbonic acid, carbonic oxide, and water, 
which latter unites with the sulphuric acid. 

HO,C,03+2Aq=:C j+ C +3JyO. 

The carbonic oxide is purified from the carbonic acid by 
passing it through a solution of potash or milk of lime. 

C 0,-f C O +^0=Z0,C02+ C 0. 

34. Adapt a cork to a wide-mouthed bottle capable of 
holding half a pint of water, and fit to it two tubes (162) 
one of which a should be about half an inch in diameter, 
straight, and sufl&ciently long to reach nearly to the bot- 
tom ; the other h should only just pierce through the 
cork, and should be bent so as to aeUver the gas, as shewn 
in the figure ; the diameter of this tube need not be more 
than about ^ of an inch. 

The beak' of the retort may now be fitted with a cork, 
which should be bored to allow the bent tube c to pass 
through it ; and care must be taken that this tube is sufii- 

* The spedAc gravity of carbonic oxide is 0.978, 100 cubic inches weighing 
80.21 grains. Its atomic weight is 14.0, and its atomic yolume 1. 
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cientlv small to slidor easily down the tube a, and long 
enough to reach to the bottom of the bottle. 




Four ounces of a tolerably strong solution of potash 
(KO) may now be introduced into the bottle. 

35. Charge the retort with 180 grains of crystallized 
oxaUc acid (HOjCjOj+SAq) and two fluid ounces of strong 
sulphuric acid (HO^O^), On applying a gentle Jieat, the 
gas is given off, the first portions of which miist be re- 
jected as unpure, and then two or three jars fuU may be 
collected over the pneumatic trough before the bottle con- 
taining the potash is connected with the retort. The gas 
thus obtained is a mixture of carbonic acid and carbonic 
oxide (33). 

36. Having collected two or three jars full of the mixed 
gases for comparison, adapt the bent tube c to the mouth 
of the retort, and proceed to purify the gas from carbonic 
add by passing it through the alksuine solution in the bot- 
tle. Pure carbonic oxide may then be collected. 

37. Agitate a little lime-water with a jar fiill of the un- 
purified gas ; the presence of carbonic acid is shewn by 
the formation of carbonate of lime (21). 

38. Repeat the experiment with a jar fiill of the purified 
gas. No precipitate ought now to appear. 

39. Apply a lighted taper to a jar ftill of the impure gas, 
and observe the characteristic pale blue flame with wmch 
the carbonic oxide bums. 

40. Do the same with a jar of the pure gas : the flame is 
brighter than when carbonic acid was present. 

41. Pour a httle lime-water into the jar used in the last 
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experiment uumediately after the combustion of the gas. 
The white precipitate which now appears, and which was 
not formed when the same gas was tested previous to the 
combustion, shews the result of that process to have been 
the formation of carbonic acid. 

CO+0=CO,. 



o/0^«t(0).* 

42. Adapt a bent tube of the form shewn in the figure, 
to a small hard glass flask, by means of a perforated 
coit 

Then we%h 100 grains of dried chlorate of potash 
(KOjClOj), mix it wiUi 20 grains of black oiide of manga- 
nese (MnOg), and place the mixture in the flask ; adjust 
the tube so aa to dehver the gas into the gas-holder, or 



under the shelf of the pneumatic troi^h, and apply the 
heat of a lamp. 

* TliB apaddc gmltT of oirgoi if I.IOGT, IDO cnhlc Incbea velghing S1,S9 
gnln*. Ill UDmlc veljlit la S, md 111 comblDing TOlnma (. 
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The chlorate of potash is thus decomposed, and gradu- 
ally gives off the whole of its oxygen, which passes out 
through the tube, and may be collected either in the ^is- 
holder or in jars, while chloride of potassium (KCl) remains 
in the flask, together with the oxide of manganese, which 
is not decomposed during the process * 

K0,a04=Ka+60. 

The first portions of the gas should be rejected as im- 
pure, being mixed with the common air contained in 
the flask and tube. 

43. The jars used for the follow- 
ing experiments should be open 
both at the top and bottom, the edges 
of both bein^ ground smooth, so as 
to be closed air-tight with a glass 
valve b. 

44. FiU a jar with the gas, and in- 
troduce a glowing taper; it will in- 
stantly burst into flame, and bum 
with great brilliancy, until most of 
the oxygen is exhausted, by combin- 
ing with the carbon and hydrogen of 
the wax. 

46. Introduce into another jar of the gas a small piece 
of ignited chsurcoal, attached to the end of a wire. It bursts 
into vivid combustion, combining with the oxygen, and 
forming carbonic acid (COaV the presence of which may 
be proved by agitating a little lime water in the jar 
(21). 

46. Repeat the experiment with a small coil of thin iron 
wire, to which a little charcoal or amadou should be at- 
tached and ignited, for the purpose of heating the iron 
Bii^ciently to cause it to bum. The iron conabines with 
the oxwen, forming the black oxide (FefiX fused globules 
of which drop to the bottom, and should be received in 
water, as they are so intensely hot as to fiise into the 
glaze of a plate if allowed to faU upon it. 

* The oxide of manganese is here used, because it is fonnd that, when thus 
mixed, chlorate of potash gives off its oxygen with much greater facility and at 
a lower temperature than when heated alone. 
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47. Place a fragment of sulphur 
about the size of a pea in the defla- 
grating spoon, set it on fire by hold- 
ing it over a lamp, and introduce it 
into a jar of the gas ; the sulphur 
bums with a brilliant blue flame, 
combining with the oxygen, and 
forming sidphurous acid (SO3). 

48. Mix together two volumes of 
hydrogen and one of oxygen, and fill 
a small jar or tube, wnich for this 
experiment should be made of thick 
glass. On applying a light the gases 
combine with a loud explosion, rorm- 
ing water. H-j- 0=^70. 




SECTION vn. 
Preparation of Gases which are soluble in Water. 

49. Although in the preparation of many of the com- 
mon gases, it is most convenient to collect them over water, 
either in the gas-holder, or in jars placed in the pnemnatic 
trough, still there are many cases in which this method is 
inapplicable, as when the gas is to any considerable extent 
soluble in water. It is usual in such cases, especially when 
great purity is necessary, to collect them in tubes or jars 
over mercuiy, which is not acted upon by the majority of 
the gases. For common purposes, however, some of them 
may be collected by the oisplacement of common air from 
dry bottles, and the more the gas differs in density from 
atmospheric air, the more is this method apphcable. 

Hydrochloric acid gas and ammonia, may be taken as 
examples of the process. 

Prepa/ration of Hydrochloric add Oas (HCl).* 

60. This gas is easily obtained by the action of sulphuric 
acid on common salt. 

To the beak of a retort, a bent tube of the form repre- 
sented in the figure, is adapted by means of a perforated 



• The specific grayity of hydrochloric acid gas is 1 .269, 100 cubic inches weigh- 
ing 39.37 grains. Its atomic weight is 37.0, and its atomic volume 1. 
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cork ; a loose roll of filtering paper is introduced into the 
neck, to retain any moisture that may distil over; and 
the retort is charged by introducing 300 grains of dry 
chloride of sodium QTaCl), and adding to it six fluid 
drachms of strong sulphuric acid (HO^O^). Immediate 
effervescence takes place, smd the bent tube is passed into 
a dry bottle of about a pint capacity, which should be 
furnished with a greased stopper ; while the bottle is filling, 
the mouth may be loosely dosed with a piece of card or 
paper. 

Observe the dense fumes which are formed wherever the 
gas mixes with the air, especiaUy if the atmosphere is damp, 
owing to the combination of the gas with the aqueous va- 
pour. The bottle may be considered full when the gas has 
been flowing over from the mouth of the bottle for two or 
three minutes ; the tube should then be cautiously with- 
drawn, and the bottle tightly closed with the stopper. 
Three or foiu* bottles may be similarly filled with the gas, 
a gentle heat being applied if necessary. 

The decomposition may be thus represented : — 

Naa+^0,AS'03=NaO,S03+HCl. 

the sulphate of soda of course remains in the retort. 

51. Ascertain the action of the gas oij a lighted taper. 

52. Remove the stopper from one of the bottles, in- 
stantly close it again with a dry glass plate, and plunge it 
with the mouth downwards into the water of the pneu- 
matic trough. If the bottle has been well filled, the water 
will, when the glass plate is removed, quickly rise and 
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nearly fill it, while the unabsorbed residue shews the quan- 
tity of common air left in the bottle.* 

This experiment must not be made without first re- 
moving the stopper, and substituting the glass plate : if it is 
attempted to take out the stopper while the bottle is 
under water, there is great danger of its becoming so 
firmly fixed, as to be almost incapable of removal, owing to 
the absorption of the gas by the water, and the formation 
of a partial vacuum. 

63. Test a little of the acid solution obtained in the 
last experiment, in a tube with Utmus paper, and after- 
wards with a few drops of solution of nitrate of silver 
(AgOyN^OJ), The white precipitate, which is chloride of 
silver (AgOl), will be found to be insoluble in nitric acid, 
but readuy soluble in ammonia (429). 

54. Reserve a bottle of the gas for an experiment (60) 
with ammonia. 



SECTION vm. 

Preparation of Ammoniacal Gas (NH3).t 

65. This gas may be prepared in a similar manner to the 
last, but as it is specifically lighter thsm common air, the 




luliiiiimiiiiiiiriiiiinriH.ii iiHiiiiiiiiim. ■ 



* Water at common temperatures is capable of dissolving no leas than 480 
times Its own volume of hydrochloric acid. The liquid hydrochloric or muri- 
atic acid of commerce, is a solution of the gas in water. 

t The specific gravity of ammoniacal gas is 0.589, 100 cubic inches weighing 
18.288 grains. Its atomic weight ia 17, and its atomic volume 2. 
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bottles in which it is collected must be kept while filling, 
with the mouth downwards, the dehvering tube passing 
upwards to the top ; the neck of the retort should be fur- 
n^hed as before with a roll of filtering paper. 

56. Reduce 300 grains of quick lime (CaO) to powder 
in a mortar, and slake it in a small basin with a drachm 
and a half of water ; then pound 400 grains of muriate 
of ammonia (NH^Cl) ; mix the powders as quickly as 
possible, and without loss of time transfer the mixture 
to the retort. If the gas does not come over rapidly, 
a gentle heat may be applied. When three or four 
bottles have been filled, proceed with the following ex- 
periments:— - 

57. Observe the effect of the gas on a lighted taper : it 
extinguishes the flame, and at the same time shews a slight 
tendency to bum with a pale green flame. 

58. Remove the stopper from one of the bottles and 
close the mouth with a dry glass plate ; then invert it, and 
having placed it imder water, remove the glass plate and 
observe the rapid absorption. That which remams imab- 
sorbed is atmospheric air.* 

59. Test the Hquid obtained in the last experiment, 

(which is a weak solution of ammonia) 
with turmeric and reddened litmus- 
paper; the first is turned brown, the 
latter has the blue colour restored. 

60. Remove the stopper from a bot- 
tle of the gas, and also from the reserv- 
ed bottle of hydrochloric acid (54^, re- 
placing them with dry glass plates. 
Then mvert the latter over the bottle 
of ammonia, and cautiously remove the 
glass plates so as to allow the ^ses to 
mix. Dense white fumes, consisting of 
muriate of ammonia (NH^Cl) are imme- 
diately produced, which in a short time 
collect in flakes, and fall like snow on 
the sides and bottom of the vessels. In 
this combination of the hydrochloric 
acid with the ammonia, considerable 
heat is evolved. 





* Water at common temperatares is capable of absorbing nearly 700 times it& 
volume of ammoniacal gas. 
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61. Adapt a cork to the neck of a quilled receiTer, 
and bore a hole through it to fit the neck of the retort, 
which should pass tBrough it for about two inches. When 



which supplies water for cooling the neck 
of the retort, has its throat partially ob- 
structed by a plug of tow, to regulate the 
flow of liquid ; the neck of the retort is 
covered bv a slip of bibulous paper of the 
form, of the annexed sketch, cut of such a 
width as almost completely to encircle the 
neck; and between the lower end of the 
paper and the quill receiver, a thin Met 
of tow is twisted tightly round the glass, 
to carry off the superfluous water, which 
drops mto a basin placed underneath for its receptioi 



18 DISTILLATION. 

The quill of the receiver passes into a small flask or bot- 
tle, which is kept immersed in water during the process, 
in order to keep it cool. 

62. When the apparatus is thus arranged, the retort 
must be cautiously charged with common water till nearly 
half full, care being taken that none of it gets into the 
neck, as it would run down into the receiver, and con- 
taminate the distilled water, which should otherwise be 
pure. The upper part of the body of the retort being 
then covered with a conical cap of paper to prevent loss of 
heat by currents of air and radiation, the lamp may be ap- 
plied, care being taken that the ebullition does not go on 
too violently, lest any of the impure water should splash 
or boil over into the neck of the retort. If, instead of 
boiling quietly and uniformly, the water in the retort 
"bumps, owmg to the sudden disengagement of large 
bubbles of steam, a few fragments of broken glass or plsr 
tinum wire may be placed in the retort, to assist the for- 
mation of small bubbles from their surface. The first 
ounce of water that comes over, should be rejected as 
impure, after which two or three ounces may be distilled 
for examination. 

63. While the distillation is going on, another portion of 
the water operated on may be tested, with the view of dis- 
covering some of the impurities present in it. Fill four 
test-tubes about one-thira full of the imdistilled water, 
and add to them respectively a few drops of the following 
reagents. 

(a.) To the first add a solu- 
tion of chloride of barium 
{Bad's ; a white precipitate, 
insoluble in nitric acid,* indi- 
___ cates the presence of sulphates 

'^'^ (403), most commonly sulphate 

of Hme (CaO,SO^). 

(b.) To another portion add 
a solution of nitrate of silver 
{AgO,NO^, If any chloride 
is present (usually chloride 
of sodium i^aCl)), a white 
curdy precipitate of chloride of silver (AgCl) wiU be pro^ 

* In testing the solnbility of a precipitate in any liquid, poor off a small por« 
tion into a separate tube for the experiment, reserring the rest for comparison. 
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duced, insoluble in nitric acid, but readHy soluble in am- 
monia (429). By exposure to the light this precipitate 
gradually becomes purple, especially when the water con- 
tains oi^anic matter. 

(c.) To the third tube add a little lime water (CaO in 
water) : a white precipitate, soluble in nitric acio, shows 
tiiat carbonic acid (CO^ is present (420). 

{d,) To the remaining; tube oxalate of afnmonia {NHfi, 
(7,0.) may be added, which will give a white precipitate if 
any lime is present (218). 

64. Test the distilled water in the same way ; if pure 
it will of course famish no precipitate with any of the 
reagents. 

65. Evaporate a few drops both of the distilled and un- 
distilled water on platinum foil or a clesm sUp of glass : a 
considerable residue will probably be left by the latter, but 
no trace of solid matter ought to be observable where the 
other lay. 

66. During ebuUition, the water in the retort usually 
becomes turbid, owing to the formation of a white in- 
soluble powder, which may be separated by filtration when 
the distillation is over. 



) • 

i 
i 

' mi 




To prepare a filter, take a small piece of white filtering 
or blotting papor, and fold it twice from side to side ; 
then round off with scissors the projecting comers, so 
that the paper may fall wholly within the fimneL Moisten 
the paper placed in a funnel with distilled water, and then 
carenmy pour in the liquid to be filtered, using a glass rod 
to conduct it (636V 

When most of tne liquid has passed through, the white 
powder may be detached with a Jaiife from the paper, and 
mtroduced into a test tube ; the clear solution being 
'reserved for examination (68). 
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67. (a.) Add a few drops of dilute nitric acid to the 
powder in the tube, and observe that it dissolves with 
efFervescence, indicating that it is a carbonate (419). 

(6.) Supersaturate the solution thus obtained, with am- 
monia, and add a little oxalate of ammonia (NH^OC^O^ : 
a white precipitate shews the presence of lime (218). 
The powder is thus proved to be carbonate of lime 
(CaO,CO„).* 

68. Test the solution filtered from the carbonate of lime 
in (66) with chloride of barium, nitrate of silver, lime-waier, 
and oxalate of ammmda; and compare the results with 
those obtained in (63), when the water was examined in 
its natural state. As most of the lime has been separated 
as carbonate, we may expect to find less of it in solu- 
tion than before, but more of the sulphates and chlorides, 
since they still remain dissolved in a more concentrated 
form. 

* This carbonate of lime had been held in solution by the excess of carbonic 
acid contained in the water ; when the latter is expelled during ebullition, the 
carbonate is precipitated. 
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SECTION n. 

instillation of liquid Hydrochloric acid (HCl in water). 

69. Fit up the apparatus as in the ordinary process of 
distilling water (61), taking care that all the joints are per- 
fectly tight ; then remove the retort, and introduce through 
the tubulure 1000 grains* of dry chloride of sodium (NaCl) 
in coarse powder, taking care that none of the psolicles 
fall into the neck of the retort : then adjust the apparatus 
as before. Measure into the small flask or bottle which is 
to receive the distilled acid, 12 fluid drachms of water, and 
mark with a file or a strip of waxed paper, the height at 
which it stands; and having emptied it, measure into 
it seven drachms of distiQed water. During the distilla- 
tion care must be taken tiiat the quill of the receiver 
dips under the surface of this water, which wHl assist in 
condensing the acid fumes, some of which might other- 
wise escape. 

Into a small evaporating basin, pour seven drachms of 
water, and add graaually to it six drachms of strong sid- 
phuric acid {IIO^O^), stirring the mixture with a glass 
rod. When nearly cool, this dilute acid may be poured 
carefully into the retort through a small funnel, avoiding 
any splashins; or soiling of the neck. A gentle heat may 
then oe applied, which must be regulated according to the 
rapidity with which the acid distils over, great care being 
taken that the mixture does not boQ over into the neck of 
the retort (60). 

The distillation may be continued imtil twelve drachms 
of acid have come over, which may be known by the mark 
previously made in the receiving flask. 

70. The acid in the receiver may now be examined as to 
its purity. Pour a little into a test-tube, dilute it with 
about three times its bulk of water, and add a few drops of 
a solution of chloride of hcm/wm / if a white precipitate ap- 
pears which is insoluble in the acid, it shews the presence 
of sulphuric acid as an impurity (403). 

* In this and manj of the other experiments, small quantities are men- 
ti<med to suit the convenience of my class of Chemical Manipulation, the les- 
WSDA being only two hours long. When the products of the experiments are 
mmted for uae^ much laiger quantities must frequently be employed. 
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71. Evaporate a few drops of the acid on platinum foil 
or a clean sli{) of glass : no trace of the spot where it lay 
ought to remain. Any solid residue shews the presence of 
some saline impurity, caused probably by a little of the salt 
employed having got into the neck of the retort, and been 
washed down into the receiver. 



SEcnoN m. 
DistiUcUion of Liquid Ammonia (NH, in water). 

72. Prepare the apparatus as in the distillation of hydro- 
chloric acid (69). 

Pound 450 grains of quick-lime (CaO), introduce it into 
the retort through the tubulure, and pour gradually upon it 
two oimces of distilled water. Measure into the receiving 
flask or bottle fifteen drachms of water, and mark with a file 
or waxed paper the height at which it stands ; empty it 
and pour m two drachms of distilled water for the quill 
of the receiver to dip into during the distillation. 

Weigh out 530 grains of muriate of ammonia (NH^Cl), 
dissolve it in three ounces of water in a small evaporating 
basin, and pour the solution into the retort. 

The distillation may now be commenced, carefiilly regu- 
lating the heat, and continuing it until the distilled liquid 
reaches up to the file tnark in uie receiver, when 15 drachms 
will have been collected. 

73. Pour a little of the ammoniacal solution thus pre- 
pared into a test-tube, and add to it a few drops of chUmde 
of barium : if a precipitate appears, it is owing to the pre- 
sence either of carbomc or siQphuric acid. To distinguish 
between them add nitric acid m slight excess ; if the pre- 
cipitate thereupon dissolves, it is carbonic acid (421) ; if 
not, it is sulphuric (403). 

74. Test another portion of the ammonical solution with 
a little oxalate of ammonia; if a white precipitate is 
formed, it is owing to the presence of lime as an impurity 
(218). 

75. Supersaturate a little of the distilled liquid with 
nitric acid in a test-tube, and add a few drops of a solution 
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of nitrate of silver {AgO^NO^ ; a white precipitate indi- 
cates the presence of hydrochloric acid or a chloride. If a 
further portion of the ammoniacal solution be added, so as 
to render the liquid alkaline, the precipitate redissolves 
(429). 

76. If no precipitate occur with any of these tests, eva- 
porate a few drops of the ammoniacal solution on a shp of 
glass or platinum foil, and observe whether any trace of 
saline impurity is left. 



SECTION rv. 
Distillation of Liquid Nitric Add (NO 5 in water). 

77. Fit up the apparatus as in the distillation of hydro- 
chloric acid (69V Introduce into the retort 1000 grams of 
nitrate of potasn (K0,N05) ; pour upon it ten drachms of 
strong sulphuric acid (ffOjSO^), and apply a gentle heat, 
observing the same precautions as were recommended in 
the former cases (61, 69). 

KO,NO,-t-2J70yS'03=K0,SO3,HO,SO3-|-HO,NO,. 

78. While the distillation is going on, dissolve a few 
crystals of the nitrate of potash in distilled water, for the 
purpose of ascertaining its purity. 

(a.) Test a little of the solution with nitrate of silver 
(AgOyNO^ ; if any chloride is present, a white curdv pre- 
cipitate appears, which is insoluble in nitric acid, but 
r^wiily soluble in ammonia (429). 

K the nitrate employed is contaminated with any chlo- 
ride, the acid that distils over is sure to contain a little 
hydrochloric acid {HGl). 

(6.) To another portion, add a solution of chloride ofha- 
rivmi (BaCl) ; if any sulphates are present, a white preci- 
pitate is produced, which is insoluble in nitric acid (403). 

79. Dissolve a small quantity of the nitrate of potash in 
hot water, in an evaporating basiii, adding the salt as long 
as it is taken up by the water on stirring ; pour the hot 
solution into another basin, and observe the gradual for- 
mation of crystals as it cools. Remove some of these from 
the liquid, and dry them on filtering paper; then redis- 
solve them in distilled water, and test the solution as 
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before with nitrate of silver and chloride of harivm. The 

precipitates, if any, 
will De less dense 
than in the pre- 
vious examination, 
shewing that a par- 
tial purification has 
been effected. 

80. The distilled 
nitric acid may now 
be tested for im- 
purities, but before 
the test liquids are 
appUed, a portion 
should be diluted 
with four or five 
times its bulk of. distilled water, since the chloride of ba- 
rium is itself insoluble in strong nitric acid, and would 
consequently cause a precipitate even though no sulphuric 
acid were present. A portion may then be tested for sul- 
phates and chlorides with chloride of hariwm and nitrate 
o/«j;wr (403, 429). 

81. If the distilled acid is found to contain sulphuric or 
hydrochloric acids, it may be purified from them by add- 
ing a solution of nitrate of silver as long as any precipitate 
is produced, and re-distilling, when those acids will remain 
behind in combination with the oxide of silver. 

(HO,NO,). 




CHAPTER III. 



GLASS-WORKING. 



82. The most convenient form of apparatus for working 
glass on the small scale, is the water blowpipe, which 
consists of an upright box, about fifteen inches high, of 
the form represented in the figure. It is usually made 
of zinc or copper, and is divided into two compartments 
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by the plate a, which passes down to within about half an 
inch of the bottom, thus 
leaving a communica- 
tion open between the 
two. The lower end of 
the tube b is closed bj 
a Talve opening out- 
wards, to prevent the 
escape of air in that 
direction : the box 
should be filled about 
half full of water, and 
when used, air is blown " 
throi^h the tube 6. 

The- pressure thus oc- 

casioned in the com- 

putment c, forces a portion of the water into the next 
division d, where it rises to a higher level thaji in c, and 
1^ its superior pressure forces a stream of air through 
the fine aperture at the extremity of the tube e as 
bng as it continues to stand at a lugber level than in c. 
In this way a continuous jet is readily' obtained, with 
much less lat^e to the operator than with the mouth 
blowpipe. 

83. If the blowpipe flame be examined, it will be found 
to consist of two distinct parts, which mav be called for 
the salce of distinction, the inner a and the outer flame 
i. The blue point of the inner flame is evidently sur- 
Mimded on all sides by the burning gas, no atmospheric 
oxygen being near it, so that any substance containing 
oiygen loosefy combined, placed in it, will be decomposed 



by the powerM deoxidizing affinities of the carbon and 
hydrogen of the combustilde gases : on this account the 
inner flam" is usually called the deosddidng or reducing 
flame. The outer flame, on the contrary, is surrounded on 
all aides by the estemal air, bo that here there is no excess 
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of combuatible or doozidizmg matter, but rather ao excess 
of atmospheric oxygen ; bo that an ozidizod auhstanoe tnaj 
be placed at its extremity without danger of deoxidation, 
unless such decomposition is effiot«d by the mere heat 
of the flame, independent of its chemical action ; on the 
other hand, most substances, having an affinity for oxygen, 
placed without its influence, become oxidized at high tem- 
peratures, and hence it is usually called the o^ietTig 

84. The English flint glass, of which the tubes and rods 
commonly in use are nude, contains in its composition a 
quantity of oxide of lead (PbO), which, when heated in 
contact with deoiidiziiig matter, is very easily decomposed. 
On this account it is neceasary, in heating glass with the 
blowpipe, te take care that it does not approach the de- 
oxidizing flame, but is kept at the extremity of the oxi> 
dizing flame, otherwise a black stain of metallic lead will 
be deposited on the surface of the glass. Slight stains 
of this description may generally be removed by holding 
the glass for a few seconds in the oxidizing flame ; this 
converts the lead agiun inte oxide, which dissolves in the 

85. Make a feai glatt gtvrring rod», of lengths varying 
from five to eight incket. To do this, a piece of solid ro^ 

long enough te make 
two stirrers, should be 
held at a short distance 
from the extremity of 
the flame, and gradually 
brought towards it, a 
rotating motion being 
communicated to it by 
means of the finger and 
thumb, so that the ^rt 
where the heat is applied 
may be uniformly heat«d 
all round. When the 
glass Ixmns to soften, it 
should be gently pulled 
with both hands, until 
it assumes the form 
represented in the figure, 
when it may be removed from the flame, and hating 
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been scratched with a file across its naiTOwest part ia 
genUy broken aaunder. The sharp edges are then neld in 



may ■ ^^\1^^tiJJ 



IH ^'^'''' > '''^^i* which 

1 1MB the other end may 

ill ^ worked in the 

|H Bame way, only making it rather more tapering and 

ijH pointed. 

^ 86. Join together two rod* of equal diameter. For 
this purpose, take two short pieces oi rod, the eitremi- 
ties of which are smooth ana flat, and hold the ends 
which are to be united in the blowpipe flame until partial 
flisioD takes place. Then with a steady hand bring them 
together, observing that the edges of both coincide, and 
press them gently, so as to cause them to cohere perfectly 
together. Keep the newly formed joint in the flame for 
some minutes, turning it constantly round, and alternately 
pulling and pushing, in order to weld the two pieces 
firmly together. When this is properly done, the rod is 
as strong at the junction ss in any other part, 
but a ^ght inequality will always be visible, 
however neatly the operation may have been 
poformed, 

87. Jfaie a y>ei!ific gravity gloM of the fonn 
and size shewn in the figure (149). 

88. Maie a rniaU i^hon tube. Take a piece 
of tubing ten or twelve mchea long, and a fourth 
or a third of an inch in diameter, and hold it 
diagonally in the flame of a gas or spirit-lamp, 
turning it constantly round, and by gently mov- 
ing it up and down in the flame, heating two or 
three inches of the central part of the tube. 
When the glass begins to soften, apply a gentle 
nresaure with both hands, so as to oend it slow- 

md continue to do bo until it has assumed 

form shewn in the figure. If the tube is too strongly 

»d, or if the pressure be too strongly and suddenly 
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applied, the bend, instead of bein^ round and uniform, will 
be abrupt and wrmkled, in which case it 
is verv liable to crack, either spontaneously, 
or when exposed to slight variations of 
temperature. The extremities of the tube 
must now be rounded off by being heated 
to redness for a moment in the flame of the 
blowpipe. When the glass operated on is 
at aU thick, or of an imequaL form, some 
care is necessary in annealing ^ or gradually 
cooling it: this may be effected by removing 
it slowly from the flame, and then laying 
it across a piece of tube, so that the hot 
part does not touch any cold substance, and 
covering it loosely with paper, to prevent 
too rapid cooling by radiation. 
89. Make a few test-tvhes, A piece of tube may be taken 
about half or five-eighths of an mch in diameter, and eight 
or ten inches long, which will serve for two test-tubes. 





The central portion must be heated in the manner de- 
scribed for heating glass rod (86), and gradually drawn out, 
the tube being constantly turned round, when it will as- 
sume the form shewn in the figure. The heat should now 
be applied to the part of the tube marked a, and the 
other piece gradually drawn out, care being taken not to 
fuse the thin thread of glass that is formed, and which 
connects the two parts of the tube, \mtil the base of the 
tube has become round and uniform ; when this is the 
case, and the connecting thread has become very thin, 
the heat may be applied to the point where it joms the 
tube, when it will mstantly fuse and separate, leaving the 
tube in an almost finished state. There will generally be 
found at the bottom of the tube, however, a small lump, 
more or less distinct, formed by a portion of the thread 
having fused into it ; to remove this, again heat the 
round end red hot for a short time until the lump disap- 
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pears. On removing the tube from the flame, blow 
air gently into it, for the purpose of swelling out the 
bottom to its previous round form, as it usually 
collapses and flattens while in a state of Aision. 

90. The other portion of the tube may now be 
finished in a similar way, by applying heat to the point b 
and drawing ofl* the irregular termination until the thread 
of glass is sufficiently attenuated to be removed. 

When it is required to make a test-tube of a piece of 
tubing only long enough for one, all that is necessary is to 
melt on to one end another piece of waste tubing or rod, 
to serve as a handle, after which the end may be drawn 
off" as in the former case. 

91. To complete ^,,^ w %m\ v 
the tube, the open ^ ^^ass^SBls^rJiiiS^^" 
end must be 
spread out a Httle, 
as shewn in the 
figure, so as to 
form a kind of 
border. This is 
done by softening 
the end in the 
blowpipe flame, 
and then bv means of a thick iron wire, or the smooth end 
of a file (which should be previously heated by being held 
in the flame) introduced and carried round the opening, 
the edge is uniformly pressed outwards. 

92. Cement together two tvhea of eqwal diameter. This is 
done in a similar manner to that ah-eady described in the case 
of rods (86). It requires however more care and dexterity 
to maintain the tube of nearly uniform thickness at the 
point of jimction, as it is liable to collapse and become ir- 
regular in form. When it does so, one end of the tube 
should be stopped up with a bit of cork or by hermetically 
sealing, and while the junction is in a state of semi-fusion, 
air should be gently blown into 

the tube: in this way it may 

be brought again into a proper 

form. When the glass is thin, 

the edges which are to be imited may be spread out a little, 

as shown in figure, by means of a heated wire or file (91), 

when the joint will be stronger than it would otherwise be. 
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93. Cemefnt together two tvbes of unequal diameter. 
When it is required to join a narrow tube to a wider one, 
it is necessary to draw out the latter in the blowpipe flame 
until a portion of it is contracted to the diameter of the 
former (85) ; then with a file it is divided at that point of 
equal diameter, and cemented to the smaller tube in the 
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same way as in the previous case. Sometimes, 
when the glass is thin, it it advisable to widen the 
extremity of the smaller tube, so as to overlap the 
other, which is readily done by means of an iron 
wire (91). 

In this operation, it is always advisable to main- 
tain the junction in the flame for some Uttle time, 
to allow of the complete amalgamation of the two 
portions of glass; and as the tendency to collapse is 
greater the longer it is ftised, it will generally be found 
necessary to blow it out shghtly as recommended in (92). 
In this way, some small &nnels may be made. 

94. Prepare tubes for a u^ashinp 
botUe, The tubes required for this 
purpose are of the form shewn in 
the figure, the upper end of the longer 
one being drawn out so as to leave only 
a small aperture. 

When the bottle is prepared and 
filled with water, a small stream of 
water may be forced through this 
tube by blowing air down the shorter 
one ; it is of great service in washing 
precipitates on a filter, and for many 
other purposes (169). 

95. Prepare tubes for a sulphuretted 
hydrog&n, (hydrosvlphu/ric aciaj apparatus. The form of 
apparatus used for generating hvarosuli)huric acid, and 
passing it into water or saline solutions, is represented in 
the figure (728). The finer tubes, d and f may usually be 
bent in the naKed flame (88), the extremities being sdrber- 
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wards slightly fasod with the blowpipe in order to round off 
the sharp etJges ; and care must be token that the wider 




tube e ia of aiifficient calibre to admit of the tube d pass- 
ing freely down it. 

96, Attack a narrow 
tube tU right andes to a 
wider one. Heat the 

wider tube to redness 

at the point where the 

junction is to be made ; 

and by means of a bit of 

waste rod or tubing c, draw it out, when it will assume the 

form represented m the figure : then with a sharp file 

remove the portion c at the 

point b, and fiiae to the pro- 
jecting piece thus left, the 
smaller tube, in the manner 
described in (93). 

97. BknB some tmaU bvHs. 
When it is required to blow 
a bulb at the end of a tub^ 
the extremity should be closed 
as in m^ing a test tube, (69) ; 
if the gtasa is tolerably thick, 
and the bulb to be blown not 
large, all that is necessary is to 
heat the end for about half an 

inch as strongly as possible; and then, havu^ removed it 
fiom the flame, and holding it horizontally m the h^ds, to 
How air into it until the pressure forces the softened glass 
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to expand, which it will do in the form of a round bidb if 
the heat has been properly apphed, and the tube be kept 
constantly turned round while in the hands. This latter 
precaution is absolutely necessary, as the softened glass 
would otherwise bend with its own weight in one <Sreo- 
tion, thus destroying the proper form of tne tube. 

98. Seal a few tiwes hermetically at both ends. This is an 
operation of very frequent use in the laboratory, as it fur- 
mshes the most convenient and efficient means of preserv- 
ing small specimens of many rare substances, especially 
such as are volatile. 

The tube is first sealed at one end, precisely 
as if it were intended for a test tube (89) : the 
liquid or other substance for which it is designed, 
is then introduced as soon as the tube is quite 
cold, care being taken that the upP^^ P^^ ^^ ^^^ 
tube is not wetted or soiled. The flame of the 
blowpipe is now directed to the portion of the 
tube a Httle above that intended for the sealed 
end, and when sufficiently soft, it is drawn out to 
a capillary tube, and allowed to cool: it may 
afterwards be sealed by fusing the lower part of the 
capillary tube a, by momentary contact with the flame. 

In tms way seal a little sulphur in a tube without melt- 
ing or volatilizing any of it, the sulphur being within an 
inch and a half of the upper end. 

99. Seal some water hemi£tically in a tube. Having sealed 
the tube at one end, while it is cooling, take another piece 
of tubing, which may be eight or nine inches loilg, and a 
quarter of an inch in diameter, and draw it out in the blow- 
pipe flame ; then divide it in the thin part by means of a 




file, when it will have the form shown in the figure ; and 
when the sharp edges have been rounded off* in the blow- 
pipe flame, maybe used as a pipette for introducing a little 
water into the sealed tube without wetting its sides. 

Then draw out the capillary neck (98), and when cold, 
seal it as before, leaving not more than the space of an 
inch between the upper end and the surface of the water. 
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CHAPTER IV. 

EXPERIMENTS WITH THE MOUTH BLOWPIPE. 

100. Before proceeding to any blowpipe experiments, it 
is necessary to acquire the knack of keeping up a constant 
and unintermitting blast of air from the moutl^ as without 
this, it is impossible to raise the heat to a sufficient degree 
of intensity. The habit is readily acquired, and when once 
attained, the mouth and limgs do their work almost me- 
chanically, without any sustained effort on the part of the 
operator. 

101. The learner may first observe that on closing the 
Ups, he can still without any difficulty breathe through the 
nostrils : let him now distend the cheeks with air from the 
lungs, and he will find that on closing the communication 
between the mouth and throat he can breathe through the 
nostrils for a length of time, still keeping the cheeks dis- 
tended. He may next introduce the mouth-piece of the 
blowpipe between his Hps, and having puffed out his 
cheeKs with air from the lungs, and again dosed the com- 
munication between the mouth and throat, let him breathe 
freely through the nostrils, at the same time allowing the 
distended cheeks to force a current of air through the 
blowpipe. When the stock of air in the mouth is nearly 
exhausted, a fresh supply is sent up from the lungs, when 
the cheeks, again distended, will by their elasticity keep up 
a current of air through the blowpipe, while the operator 
breathes through the nostrils as before. 

The cheeks thus play the part of an elastic bag, with a 
valve opening inwards, which, if connected with the blow- 

{)ipe, and distended with air, would force air through it as 
ong as the tension of its stretched sides exerted sufficient 
pressure. 

102. Seal a few tubes for the following experiments. 
The tubing employed for this purpose shoiild be about a 
quarter of an inch in diameter, and it may be cut into 
pieces about five inches long, each of which will serve for 
two tubes. The sealing should be effected in the manner 
already described (89), and the same care relative to the 
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deoxidizmg flame is necessary, as when the water blow- 
pipe is used (84). 

103. Heat a small frag- 
ment of wood or paper in 
a tube, and observe that it 
blackens like all organic 
substances.* This Uack- 
ening or charring is owing 
to the decomposition of the 
lignine, which consists of 
Cj^.qO.o ; when exposed 
to a nigh temperature the 
hydrogen and oxygen, with 
a portion of the carbon, 
pass off in the form of ace- 
tic or pyroUgneous acid 
(HOjC.Hj^Oj) and tarry 
matter, with other volatile compounds, leavmg behind a car- 
bonaceous residue. The acid character of the vapour may 
be seen by introducing a strip of moistened litmus-paper 
into the upper part of the tube while the decomposition 
is going on, when it will be speedily reddened. 

104. Treat a fragment of horn (C^gHjjN^O^) or isinglass 
(CgjHgjNjjOjg) similarly in another tubeif observe the 
character of the carbonaceous residue, and introduce a bit 
of yellow turmeric paper, which will be turned brown, 
showing that the vapour is alkaline ; this is owing to the 
presence of ammonia (NH3), which is almost invariably 
produced when an organic compound containing nitrogen 
is decomposed by heat. The odour of the fumes should 
also be noticed, and contrasted with those formed in the 
last experiment. 

106. Heat a Uttle gypsum or sulphate of lime (CaO,S03 
+2Aq) in a tube, and note whether it undergoes any 
change. It parts with the two equivalents of water of 
crystallization, which condense in the upper part of the 
tube. 

106. Treat a crystal of sulphate of iron (FeO,S03H-6Aq) 
in a similar manner, observing the successive changes 

* Id this and most of the follo'wing experiments, especially when the sub- 
gtance operated on is of a deleterioos or poisonous nature, the quantity used 
should not exceed a pin's head in size. 

t When a tube is at all soiled in an experiment, it is unfit for Airther use. 
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which are produced, and examine the liquid which con- 
denses in the upper part of the tube, with Htmus-paper. 

When first heated, five equivalents of water are expelled, 
leaving a whitish powder, which consists of the sulphate 
with one equivalent of water (FeO,S03,HO). On continu- 
ing the heat, the sulphuric acid is volatilized, a portion of 
it being decomposed by the protoxide of iron, wmch is con- 
verted into peroxide by the oxygen derived from the acid. 

2(FeO,S03)=>S'03+ S O^-^FejO^ 

107. Kepeat the experiment, using sulphate of potash 
(KO,SOg) instead of sulphate of iron : the decrepitation is 
owing to the escape of a little water, which is mechanically 
lodged between the plates of the crystals. The salt under- 
goes no further change. 

108. Sublime a little calomel (HgCl), and corrosive subli- 
mate (HgClj), in two separate tubes, and note the different 
appearances which are presented in both cases. 

109. Heat a httle red oxide of mercury (HgO^) in a tube ; 
observe the rapid change which it undergoes, and the 
minute globules of metallic mercury which condense in the 
upper part of the tube. If a glowing match be introduced 
while ttie decomposition is going on,* it will indicate by its 
vivid combustion, the presence of free oxygen. 

HgO,=%-h20. 

110. Repeat the experiment with some red oxide of lead 
(PbgOJ, and observe in what respects the results differ from 
the last. The yellowish residue which is left is protoxide 
of lead or litharge (PbO), one fourth of the oxygen being 
expelled. 

Pb30,=3PbO+0. 

111. Heat a little arsenious acid (AsOj) in a tube, and 
observe closely the characters of the crystalline sublimate 
(302). 

112. Mix together equal portions of nitre (KO,NOj) and 
bisulphate of potash (KO,HO,2S03), and heat the mixture 
in a tube ; test the nitrous vapour which is given off, with 
litmus-paper, and endeavour to account for its formation. 

113. Heat a mixture of pounded fluor spar (CaF) and 
bisulphate of potash (KO,HO,2S03) in a glass tube. The 

* The open end of the tube may be loosely closed by the finger, to retard 
the escape of the disengaged oxygen. 
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oorrosive action on the glass is owing to the formation of 
hydrofluoric acid (HF). 

KO,HO,2S03+CaF=:HF +CaO,S03+KO,SO,. 

114. Mix a little iodide of lead (Pbl) with bisulphate of 
potash, and heat the mixture in a tube : the beautiful 
violet coloured vapour which rises and condenses in the 
upper part of the tube is iodine. 

PbI+KO,HO,2SO,=PbO,S03+KO,S03+HH-I. 

116. Fuse a little phosphate of lead (3PbO,PO,) on 
charcoal, and observe the semi-transparent crystalline 
appearance of the bead on cooling (412).* 

116. Heat a little oxide of zinc (ZnO) on charcoal ; ob- 
serve that it assumes a yellow colour when heated, but 
becomes white again on cooling. 

117. Notice the change of colour that ensues when chro- 
mate of lead (PbO,(M)^) is gently heated, and observe 
whether the yellow colour returns on cooling. 

118. Repeat the experiment with red oxide of mercury 
(HgOg), taking care that the heat is not raised so high as 
to cause decomposition (109). 

119. Mix together a little chalk (CaOyCOj) and charcoal, 
and ignite the mixture in a tube : carbonic oxide add gas is 
given off, which will bum with a blue flame. 

CaO,C03-fC=CaO-|-2CO. 

120. Heat a small crystal of carbonate or any other salt 
of soda on platiniun wire (which should be fused into a 
glass handle, and bent at the end as shewn in the figure). 





and observe the intense yellow colour it 
communicates to the blowpipe flame. Then 
wash the wire, and compare its action on 
the flame with that caused by the soda. 



* When charcoal is used as a support in blowpipe 
experiments, it should be cut into slices about the third 
of an inch in thickness, having a small cavity scooped out 
with the point of a knife, in which to lodge the substance 
to be heated. The charcoal may be conveniently held 
during the experiment in a loop of tin plate, in the man- 
ner shewn in the figure. 
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121. Repeat the experiment, using nitrate of strontia 
(SrO^O^) instead of the soda : the colour of the flame 
■will become crimson. 

122. Heat a little chalk or marble (CaOjCOj) on char- 
coal, and note the dazzling white light which is produced, 
shewing that the illuminating power of flame is not de- 
pendent only on the degree of heat, but on the presence of 
some solid matter in the flame ;^ since the blowpipe flame, 
which heats it, and which is of course at least as hot as 
the lime, emits scarcely any perceptible light. 

During the ignition, the carbonate of lime is decomposed, 
and caustic lime (CaO) is left, the alkaUne nature of which 
may be shewn by placing a fragment of it, after ignition, 
on moistened turmeric paper, which will become brown at 
the point of contact 

123. A piece of alumina (ALO,) or alum (AljOjjSSO^-l- 
EO,S03H-24Aq) ignited in the mime, radiates a faint bluish 
light. 

124. Dip a glass rod in a solution of nitrate of cobalt 
(CoO,N05), and moisten a small crystal of alum with it ; 
then ignite it on charcoal for a few minutes, and observe 
the beautiful blue colour which it assumes. This is a 
highly characteristic test for alumina. 

125. Bepeat the experiment, with sulphate of magnesia 
(MgO,SO-+7Aq), which, when ignited with nitrate of co- 
balt, graaually assumes a pale rose colour. 

126. A salt of zinc, as the sulphate (5inO,S03H-7Aq), 
when rimikrly treated, becomes green. 

It is easy therefore to distinguish between alumina, 
magnesia, and zinc, in this simple manner. 

127. Heat a fragment of tin in the deoxidizing flame 
until it fuses into a bright metallic globule ; when white 
hot, throw it on the table, when it wUl divide into nume- 
rous small globules, which run rapidly about, burning with 
a white light, and leaving behind them white trains of 
oxide (SnOj). 

128. Heat another fragment of tin, and keep it fused and 
bright in the deoxidizing flame for two or three minutes ; 
then oxidize it in the outer flame, and again reduce it to 
the metallic stat«. 

129. Heat a little acetate of lead (PbOjC.HjOj+SAq) 
on charcoal: observe first the hberation oi acetic acia 

* Se« Daniell's Chemioal Philosophj, p. 861. 
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(HO,C4H303) and the deposition of a portion of the car- 
bon ; and on a further appHcation of heat, the oxide of 
lead fiirst deposited is reduced to the metallic state, es- 
pedallj when it is kept in the deoxidizing flame. The 
yellow ring which surrounds the metallic bead is protoxide 
of lead (PbO). 

130. Reduce oxide of bismuth (Bi^O,) in the same way : 
compare the beads of the different metals thus obtained, 
as to outward appearance, crystsdline structvure, mallea- 
bihty, &c. 

131. Heat a small ciystal of sulphate of copper (CuO, 
SOs+dAq) in the reducing flame on charcoal, and observe 
the successive changes which it imdergoes; first into 
black oxide (CuO), and ultimately into a bead of metaUio 
copper. Hammer out the globule, so as to render visible 
its peculiar colour. 

132. Mix together a little sul- 
phate of baryta (BaOySO.) and char- 
coal in a mortar, and fold a small 
quantity of the mixture under one 
comer of a sHp of platinum foil 
Heat it strongly in the blowpipe 
flame, and when the ignited mixture is cool again, put it 
into a small tube, and treat it with a djxm or two of dilute 
hydrochloric add {HCl). Observe the eflfervesoence caused 
by the escape of hydrosulphuric acid gas (HS), which may 
be recognized by its pecuhar odour, and by a piece of paper 
moistened with a solution of acetate of lead, which is in- 
stantly blackened by it (438). 1^ this experiment the 
sulphate of baryta is deoxidized by the charcoal, becoming 
sulphide of banum (BaS), which, when acted on by hydro- 
chloric acid, is decomposed, and hydrosulphuric acid libe- 
rated. 

Decomposition dwring ignition, 
BaO,S03+2C=BaS-f.2COa. 
Decomposition caused by the hydrocMoric add, 
BaS+^Cfc^aa+HS. 
133. Sublime a little sulphur in a small tube open at 
both ends : while in the state of vapour in contad; with 
the atmospheric oxygen, it becomes converted into sulphu- 
rous acid (SOg), the presence of which may be shewn by its 
property of reddening litmus paper when moistened, and 
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bleaching it when dry: its smell also is well known and 
characteristic. 

134. Heat a small quan- 
tity of sulphide of anti- 
mony (SbSj) in an open 
tube; observe the forma- 
tion of oxide of antimony 
(SbOj), which appears as 
white fames, and test for 
the presence of sulphurous 
add (SO2) as in the last 
experiment. Here the oxy- 
gen of the ah* has oxidized 
both the sulphur and the 
metaL 

135. Scoop out a cavity in a piece of charcoal a, and 
nearly fill it with a paste made of j 
phosphate of lime {&CaD,S¥0^ and 
water, b : dry it on tne sandbath, and 
when quite dry, place a fragment of 
lead upon it. Expose it to the oxidizing flame, and ob- 
serve that the oxiae of lead (PbO) as it is formed, is ab- 
sorbed by the porous phosphate of lime, while any silver 
which may be present, is left unoxidized, as a small metallic 
bead. This process is called cupeUation. 

136. Fuse a little carbonate of soda (NaO,COa) on char- 
coal, and observe that it is absorbed, owing to the capillary 
attraction of the porous charcoal 

137. Make a bead of glass, by fusing a mixture of car- 
bonate of soda and silica (SiO,^ (427). 

138. Add a little sulphate 01 lime to the bead formed in 
the last experiment : heat it strondy in the 
deoxidizing flame, and remark the yellow 
colour which it assumes, owing to the for- 
mation of sulphide of sodium (NaS). 

NaO,SiO34-CaO,S0-r=CaO,Si03-|-4O -f NaS. 

139. Mix a little black oxide of manganese 
(MnOj) with carbonate of soda (NaO,CO„), 
and mse it on platinum wire: remark the 
characteristic green colour which is produced 
(267). 

140. Mix together a little arsenious acid 
(AsO,) and black flux (which is a mixture of carbonate 
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of potash, and finely divided charcoal (780) ) : ignite the 
mixture in a tube closed at one end, and observe the crust 
of metallic arsenic which is deposited in the upper part 
of the tube (303). 

^ ^ 141. Eemove withafile the 

H ' ^ _ closed end of the tube used in 

f|^ I^Bi/^ *^® ^^^ experiment, and hold- 

3 «Hk ^^^^^^ ing it diagonally, direct the 

WM j^^ ^^^ fiame of the blowpipe on the 

^^ ^^^^^^iWl arsenical crust; notice the 

4\=-— ^ ^1 K ^^ white crystalline deposit of 
^^^^^ "™ ^ ^^ arsenious acid (AsO,) which 
^ ^^ <di:\ i^^ condenses in the cool part of 
4^L ^^fsT^^^^ the tube, and examine with a 
\^ ^ yy m^ lens the beautiful octohedral 



*V ^^ crystals of which it is com- 

posed. 

142. Place a little calomel (HgCl) or corrosive sublimate 
(HgClj) at the bottom of a tube, and cover it for about 
half an inch with drjr carbonate of soda Q^aDyCO^) : make 
the upper portion of the salt quite hot, and carrying the 
heat downwards, sublime the calomel through it. Metallic 
mercury is deposited in the form of minute globules in the 
upper part of the tube (336). 

Hga+NaO,CO,=Naa+ir^+ O -f C O,. 

143. Fuse a little borax (NaO,2BO,+10Aq) on a plati* 
niun wire, and observe the colour given to the bead by 
salts of silver, iron, cobalt, copper, lead, manganese, &c., 
both in the oxidizing and reducing flame. 

144. Bepeat the same series of experiments, using car- 
bonate of soda (NaO,COp), and afterwards microcosmic salt 
(NaO,NH^O,HO,P05 -|- 8 Aq), instead of borax, and observe 
in what respects the results differ from each other. 
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CHAPTER V. 

SPBCIPIO GRAVITY.* 
SECTION I. 

Spedfia gravity of solids heavier than water, 

145. When the substance is solid and insoluble in water, 
its specific gravitjr may be ascertained in the following 
manner. Weigh it first in air, taking care to remove any 
dust or loosely adhering particles. Then sus- 
pend it by means of a horsehair, from a hook 
attached to the scale-pan, making a small loop 
at one end of the hair, passing the other end 
through it, and enclosing the substance in the 
noose. Thus suspended, it is immersed in water, 
and care should be taken that it is covered on all 
sides by at least half an inch of water. Small 
bubbles of air frequently adhere to the surface, 
and these must be brushed off with a feather 
or camel-hair pencil, as they would tend to 
buoy it up, and cause the specific gravity to 
appear too low. 

The results may be noted down as follows : — 

Weight of the substance in air = 

in water = 




w »» 

Loss = 



which mmiber represents the weight of an equal bulk of 
water. Then by dividing the weight in air by the loss, or 
the weight of an equal bulk of water, the specific gravity is 

ascertained. weight in air 

= Specific gravity. 

Loss 

In this way determine the specific gravity of some of 

* Bf tpecifie gravity is meant the comparative weights of equal bolks of 
wioQs kinds of matter. It has been found convenient to compare the specific 
giavitiee of all solids and liquids with that of water, which is reckoned as 
1.000 or 1000. The specific gravity of substances heavier than water, is con- 
aeqaentfy represented by a higher number, and of those which are lighter, by a 
lower number than 1.000 : that of lead, for instance, which is more than eleven 
thoes heavier than water, is lepresented by the number 11.850 ; while that of 
ether, which is considerably lighter than water, is represented by the number 
0.724.— See Djlkibll'b Chemical PhUoaophy, p. 26. 
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the following substances: — ^marble, amber, iron-pyrites, 
sulphate of baryta, jet, lead, zinc, glass, and agate.* 



SECTION n. 

Specific gravity of solids lighter than water. 

146. If the solid be lighter than water, as cork, a slight 
modification of the above process is necessary. 

Weigh the substance first in air: then select a piece 
of lead of sufficient size to sink the li^ht body in water 
when attached to it, and weigh it (the lead) in 
water, suspending it by means of a hair loop, 
as before. If now tne light substance be 
enclosed in the same loop with the lead, and 
immersed in water, it will be found that 
they will together weigh less than the lead 
did alone, owing to the buoyancy of the 
lighter body; and this diflerence, when added 
to the weight of the body in air, is equal to 
to the weight of a corresponding bulk of 
water. 
The results may be thus recorded : — 

Weight of body in air = ^_^___«___»« 

Weight of lead alone in -water . . . = 

Weight of lead with body attached, in water = 

Difference . . = 
Addweight ofbody inair . . . . = 

Weight of an equal bulk of water . . = 3!ZZ!^ZIZZZI 

Having thus obtained the weight of the body in air, and 
the weight of an equal bulk of water, the specific gravity is 
calculated as before. 

Weight in air 

= Specific gravity. 

Weight of equal bulk of water 

In this way ascertain the specific gravity of wood, cork, 
and charcoal.T 

* The following are the specific graYities of these substances, some of which, 
however, vary considerably. Marble 2.70; amber 1.08; iron pyrites 4.90; sul- 
phate of baiyta 4.47; Jet 1.80; lead 11.85; zinc 7.00; flint glass 8.80; and 
agate 2.60. 

t The specific gravity of these substances varies considerably, according to the 
degree of porosity : the following may be considered as the usual average : wood 
^beach) 0.85; cork 0.24; and charcoal 0.2 to 0.5. 
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SECTION m. 
Specific gravity of insclMe powders. 

147. When the substance, whose specific gravity we wish 
to determine, is in the form of powder, or even small 
lumps, it is clear that some other method must be adopted 
than those just described. The foUowing is the most sim- 
ple, and, for common purposes, sufl&ciently accurate. Coun- 
terpoise* a smaU bottle furnished with a stopper; then 
fill it completely with distilled water, close it wilii the 
stopper, taMng care that no bubbles of air are left in, 
and weigh to determine the quantity of water it con- » 
tains.t Having done this, empty the bottle, and dry the 
inside either with a cloth, or with fragments of filtering 
paper. 

It must now be filled about two-thirds full of the powder 
to be examined, again weighed, and the bottle then filled 
cautiously with water, care being taken that all air bubbles 
are expelled, and that none of the powder is washed out 
Again weigh. 

From the data thus obtained, the specific gravity may be 
calculated as foUows : — 

Weight of the powder and water . — 

Weight of the powder alone . . == 

Diirerenoe= weight of water left in the bottle 



Weight of bottle fall of water . 

Water left in the bottle after \ 

the powder was added J 

Weight of water displaced bj, ahd ^ 
eqnal in balk to, the powder / 



Then as before : — 

Weight of the powder 



= Specific gravity. 



Weight of water displaced 

In this way ascertain the specific gravity of sand, pounded 
glass, and shot.t 

• This is done by putting shot or strips of lead in a pill-box, which, when 
placed in the opposite scale, are adjusted until their weight is equal to that of 
the bottle. 

t Bottles may be purchased which axe made to contain exactly 1000 grains 
of distilled water. 

t The specific gravity of sand is about 2.60 ; flint glass 8.80; and shot 11.85. 
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SBCnON IV. 



Specific gravity/ of liquids, 

148. With a bottle similar to that used in the last ex- 

Seriment, the specific gravity of liquids may be readily 
etermined.* 

Counterpoise the bottle, and weigh it full of distilled 
water : then, by filling it successively with other liquids, 
weighing, and comparing the difierent weights with that of 
water, the volume of hquid being always the same, the 
specific gravity is obtained by proportion, thus : — 

Weight of bottle fuU of water : 1.000 : : Weight of liquid : Specific gravity. 

Care must be taken to clean the bottle thoroughly after 
each experiment, by washing it first with distilled water, 
and then with a Utile of the liquid whose density is to be 
ascertained. 

Some of the following may be taken for practice : — ^Al- 
cohol, solutions of chloride of sodium, sul- 
phate of magnesia, alum, carbonate of soda, 
sulphate of lime, sulphate of soda, bicarbo- 
nate of soda, sulphate of copper, nitrate of 
potash, sulphate of zinc, and cream of tar- 
tar. 

149. The specific gravity of. liquids may 
also be determined by another process, which 
though not capable of so much accuracy 
as the last, is frequently useful when a spe- 
cific gravity bottle is not at hand. 

Take a piece of solid glass rod, about the 
size of the figure, with one end drawn out 
and turned in the blowpipe flame. Weigh 
it first in air and then in water, suspending 

* Aa the space occupied by a given weight of liquid varies with the tempe- 
rature, or, in other words, as the weight of a given volume of any liquid is 
greater or less as the temperature is lower or higher, it is necessary to observe 
that the temperature of the liquid during the experiment does not vary much 
from 62o, which is usually talien as the standard. For the same reason the 
bottle should not be touched by the warm hand during the experiment, as 
otherwise the heat would cause the liquid to expand, and become speci- 
fically lighter : this may be avoided by interposing a linen cloth between the 
hand and the glass. 
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it with a hair-loop. Then, having wiped it dry between 
each experiment, weigh it successively in the 
hquids, the specific gravities of which are to 
be determined. The difference between the 
weight of the glass in air and in the hqnid, 
representing in each case the weight of a 
volume of the Hquid equal to that of the 
glass, and knowing the weight of a sinular 
volume of water, the specific gravity may 
be known by simple calculation. 
Thus:— 

Weight of glass in air . ', 

Weight of glass in liquid . . 

Loss .... 



which is the weight of an equal volume of the Hquid. 
Then by proportion. 

Weight of equal •» . i aaa . . / Weight of equal \ . / Specific gravity \ 
volume of water J ' ■'•""" * ' I volume of Uquid / * t of the liquid. / 

Determine in this way the specific gravities of some of 
the solutions already mentioned, and compare the results 
with those obtained with the specific gravity bottle. 



CHAPTER VI. 

HEATING SUBSTANCES IN GASES. 
SECTION I. 

Reduction of metallic oxides by hydrogen, 

150. A large number of the metallic oxides are decom- 
posed and reduced to the metaUic state when heated in an 
atmosphere of dry hydrogen gas ; and from the faciUty with 
which the operation may be performed, and the accurate 
results it gives when carefully conducted, it is frequently 
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emploTed in eatimsting the quantit; of osygea in ozidiEcd 
oompoimcU. 

161. The apparatus which is required for the piupoee is 
shewn in the figure. The bottle a is charged with zinc 



calcium in the tube e; the gas then passes into the bulb 
tube A which contains the oxide to be reduced, the bulb 
being heated by the lamp placed beneath. 

152. Take a piece of tubing e about twelve or fifteen 
inches long, and half an inch internal diameter, and having 
slightly fused the cut edges in the blowpipe flame (85), 
adapt a cork to each end ; then, with a cork-borer or round 
file, perforate the corks so as to receive the small tubes 
d and m.* Remove one of the corks from the large tube, 
and push down to the other end a small loose bit of tow 
or cotton wool, and nearly fill it with fragments of chloride 
of calcium (763) ; put in another bit of tow (the use of 
which is to prevent any of the smaller fragments fidling 
oat,) and again fix the cork and small tube. 

Nest adapt a cork to the bottle, which should have a 
tolerably wide neck, and bore in it two holes to fit the 
tubes b and e, which pass through it, the former reaching 
nearly to the bottom of the botOe, the latter passing only 
just uirough the cork. Put 160 grains of granulated dnc 

* Wben tbe tube U ot locli a diuneter u cumot be tiAcLlj matched b^ anj 
of tbi cork boren En tbe set. tii^ boUa ebovid bt bored bj & smaller one, and 
aftetvtrdfl enl&rged bj meauB uf a lound die, imtiL tt Ea ot BufflcEenl calibre to 
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into the bottle, fill it about one-third full of water, and fix 
the cork containing the tubes b and c. 

163. In order to connect the different parts of the ap- 
paratus together, make two caoutchouc connectors/ and g. 
This is done by loosely folding a piece of sheet caoutchouc 
about an inch and a half square, roimd a piece of rod or 
tubing of the same diameter as the tubes which it is in- 




tended to join together, and cutting off with one stroke of 
a pair of sharp scissors the superfluous ends ; when this is 
properly done, the cut edges cohere, and when slightly 
pressed together by the thumb-nails, the junction becomes 
ahnost as strong as any other part of the tube. Care must 
be taken to avoid touching the newly cut edges, as the 
least dirt or moisture upon them would prevent them 
cohering properlv together. It is then carefully removed 
from the rod, and is ready for use. 

154. Having made two of these connectors, weigh the 
bulb tube accurately, and place in the bulb a small quan- 
tity of oxide of copper (CuO) ; again weigh, to ascertain 
the weight of oxide operated on, and connect the appa- 
ratus as shewn in the figure. The caoutchouc tubes should 
be firmly tied round with strong twine or silk, which 
should be passed imder and over, and tied at each half 
revolution to ensure perfect tightness of the joint. The 
apparatus being thus arranged, pour a little dilute sul- 
pnuric acid down the funnel tube b (12), and when the 
gas has been coming over about five minutes, apply a gen- 
tie heat to the bulb, and gradually increase it as long as 
any water is formed. 

CuO+H=Cu-|-HO. 

It is necessary to observe the precaution of not applying 
the heat immecuately, since the apparatus at first contains 
an explosive mixture of hydrogen and common air, which 
woul<^ if heat were applied, be in great danger of exploding 
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(17) and seriously injurmg the operator; by aUowing 
five minutes to elapse, however, the whole of the common 
air is expelled, and the bulb may be heated without dsm- 
ger. 

165. When the decomposition appears to be complete, 
no fresh water being produced * expel by heat any mois- 
ture that may have condensed in the cool end of the tube, 
remove the lamp, and allow the bulb-tube to cool; then 
disconnect the apparatus, and weigh the bulb containing 
the reduced metallic copper, the loss of weight indicating 
the quantity of oxygen that has been removed. Ascer- 
tain by calculation the percentage of oxygen in 100 parts 
of the oxide, and compare the experimental result with 
what is theoretically correct, the atomic weight of copper 
being thirty-two, that of oxygen eight, and that of the 
oxide forty. 



SECTION IL 

HeaJtmg svhstcmcea in an atmosphere of carbonic acid, 

156. It is sometimes required in analysis to separate 
two substances, one of which is volatile at a high tempe- 
rature, and the other fixed, so that by merely heating the 
mixture, and weighing before and afterwards, the weight 
of each ingredient is determined. In some cases, however, 
it happens that the non-volatile body when heated in at- 
mospheric air, combines with oxygen, forming a volatile 
compound, so that here it is necefc,sary to conduct the 
operation in an atmosphere of some gas incapable of com- 
bining with it, as hydrogen or carbonic acid. For instance, 
in the analysis of gunpowder, which consists of a mixture 
of nitrate of potash (K0,N05), sulphur, and charcoal, the 
nitrate of potash is first dissolved out with water, and the 
insoluble residue, consisting of sulphur and charcoal, is 
heated in a current of hydrogen or carbonic acid, when the 
sulphur, being volatile, is expelled ; whereas, if the mix- 
ture were to be heated in common atmospheric air, the 
carbon as well as the sulphur would disappear, since it 

* This is kno^m by holding a piece of cold glass close to the opening at the 
end of the tube, and obserring whether any moisture is condensed upon its sur- 
face ; if not, it may be inferred that no water is coming off. 
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would combine with oxygen, and become converted into 
carbonic acid (CO,), which is a gas. 

167. The apparatus required for this purpose is the 
same as that used for the reduction of metaUic oxides by 
hydrogen (151). FiU the generating bottle a about one- 
third full of water, and put in some fragments of marble 
(CaO,C02) ; when the apparatus is arranged, pour in from 
time to time a little hydrochloric acid through the tube 
&, so as to maintain a moderate effervescence (19). Weigh 
the bulb-tube, and put into it a Httle of the mixture of 
sulphur and charcoal ; weigh a second time, to ascertain 
how much is used in the experiment, and connect the 
apparatus together. Allow the gas to come over for about 
five minutes, in order to displace the common air, (which 
might otherwise cause the volatilization of some of the 
chao'coal, by conversion into carbonic acid,) and then heat 
the mixture as long as any sulphur is volatilized. As soon 
as the apparatus is cold, weigh the bulb-tube again, when 
the loss of weight will represent the quantity of sulphur 
contained in the mixture. The percentage of sulphur is 
then ascertained by calculation. 

Wei^t of mixture : loss of weight : : 100 : percentage of Bolphur. 



SBGnON m. 

Preparation of PercJdoride of Iron (FCjClg). 

158. When metalhc iron is heated in a current of chlo- 
rine gas, the two substances combine, forming perchloride 
of iron. The chlorine is generated in a retort a, to the 
beak of which a tube, bent at right angles h, should be 
adapted by means of a perforated cork. The retort is then 
charged with 700 grains of a mixture of black oxide of 
manganese (MnOa) and common salt (NaCl), (in the pro- 
portion of tnree parts of the former to four of the latter,) 
on which should be poured two oimces of water. Remove 
the tube funnel h from the bottle used in the two l§ist 
experiments (151), and substitute a piece of tubing e, 
sufficiently wide to admit the bent tube 6, and reaching 
nearly to the bottom of the bottle, which should be filled 
about a fourth part fiill of water. The rest of the appa- 
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ntaa is the same aa that used in the reduction by hydro- 
gen (IGIJ, only Bubatituting the straiglit tube d, which 
may be six or eight inchea lon^ for the bulb-tube before 
employed ; and put into it thirty gr^us of cleaji iron 



1C9. When the ai^paratus is connected together, slowly 
pour into the retort through a framel one ounce of strong 
sulphuric acid (HO^Oj), to disengage the chlorine from 
the mixture of manganese and salt ; and if the gaa does not 
come over properly, apply a very gentle heat. 

MnO,+Naa+2 {SO^O,)=MnO,SO,+JlfaO,SO, 
+2S0+C\. 

The gas, when generated, passes through the water in 
the bottle /, which retains any hydrochloric acid with 
which it may be impregnated ; and having passed over 
chloride of calcium m the tube c, arrives in the tube 
containing the iron, in a pure and dry state. 

When the apparatus is filled with the chlorine, apply a 
gentle heat to the iron wire, and observe the beautmit 
scaly crystals of sestjuichloride of iron (Fe.Clj), which 
sublime and condense in the cool end of the tube. Remove 
a few of the crystals from the tube, and remark with what 
avidity they absorb moisture from the wr when eiposed to 
it for a few minutes. 

Dissolve a little of the chloride in distilled water, and 
add ammonia (A'/fJ in slight excess : the brown precipi- 
tate which ia produced, ia hydrated peroxide of iron 
(280). 
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CHAPTER VIL 

ALKALTMETRY AND ACIDIMETRY. 
SECTION I. 

Alkalimetry, 

160. The process of alkalimetiy has for its object the 
determination of the quantity of real alkali or alkaline 
carbonate in any given sample, and is foimded on the prin- 
ciple that the quantitj of sdkali which is neutralized by a 
known quantity of acid, is always constant and uniform, in 
obedience to the weU known laws of combination in defi- 
nite proportions. 

For example, forty-nine parts by weight of oil of vitriol 
{HO^O^ combine with thirty-two parts of soda (NaO), 
and when the two substances are brought together in 
these proportions, the resulting compound (sulphate of soda 
NaO^SOj), is a perfectly neutral salt : but if the rela- ^^-^^ 
tive quantity of acid or alkali be greater or less than "^^^ 
those specified, then there will be an excess of one of 
them present, and the solution containing them wiU 
be no longer neutral to test paper. Hence it appears 
that if we have an unknown quantity of pure alkali 
in a solution, we can, bv treating it with an acid of 
known strength, and observing how much of the 
acid is required to neutralize it, readily determine 
the percentage of potash or of soda in any specimen. 

161. The apparatus employed for this purpose is 
a tube, capable of holding 1000 grains of distilled 
water, graduated into 100 parts, the divisions being 
numbered from the open end downwards, as in the 
figure. At 65 degrees there is a line scratched, 
marked carbonate of potash ; at 54.6, another line 
marked carbonate of soda; at A^, potash ; and at 23.5, 
soda; numbers, it will be observed, which bear simi- 
lar relations to each other as the atomic weights of 
the compounds, whose names they are associated 
with. Now if sulphuric acid of the specific gravity 
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1.1268 be poured into the tube up to the point marked 
by either of these names, the quantity of acid thiis 
measured oflf will be exactly sufficient to neutralize 100 
grains of the alkali specified ; and when the tube is filled 
up to zero with water, it is evident that each division 
of the tube contains the quantity of acid requisite to neu- 
tralize one grain of alkali, being ^th part of the whole. 
By ascertaining experimentally therefore how many of the 
divisions full are required to neutralize the alkali present 
in 100 grains of an impure specimen, that number will 
represent the percentage of real alkali which it contains. 

162. Ascertain the quantity of dry carbonate of soda 
(NaO,CO-) in a sample of the crystallized salt (NaO,C02-f- 
lOAq). For this purpose weigh out 100 grains of the salt> 
and dissolve it with tne aid of a gentle heat, in about four 
ounces of water in an evaporating basin. Pour a httle of 
the standard sulphuric acid (specific gravity 1.1268) (which 

should have been previously 
prepared and allowed to 
cool,)* into a lipped glass, and 
thence into the alkalimeter 
tube imtil it reaches the line 
marked carbonate of sodoy 
and fill it with distilled water 
up to zero. Put two or three 
small pieces of litmus and 
turmenc paper into the alka- 
hne solution, which should 
be kept gently heated over a 
lamp, and have at hand a glass 
rod to stir it with during 
the proce^ of neutralization. 
163. Having made these 
preparations, take the tube 
m the left hand, close the 
opening tightly with the 
thumb, and invert the in- 
strument five or six times 
successively, in order to mix 

• Sulphuric acid of the specific gravity 1.1268, may be prepared by mixing 
together one part by measure of strong oil of vitriol {HO,SO^) specific gravity 
1.84, and four parts of distilled water. Before taking it into use, it must be 
tested both as to its specific gravity, and also as to its neutralizing power, 
which must be ascertained by experiment with a pure specimen of alkali. 
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the acid and water thoroughly and uniformly together : 
then by cautiously relaxing the thumb, allow the acid to 
&U drop by drop into the alkaline solution, stirring the 
latter constantly with the glass rod imtil the litmus 
begins to turn feebly red. When the change of colour 
begins to appear, wash the sides of the basm by gently 
a^tating the Hqiiid in it, in order to dissolve any of thi 
splashings that may have dried during the process, and 
escaped the action of the acid. When the point of neu- 
tralization is nearly attained, bring one of the pieces of 
Utmus paper from time to time out of the solution against 
the heated side of the basin ; if the redness disappears, 
more acid must be added, the reddening being thus proved 
to have been caused by the carbonic acid dissolved in the 
water ; and the cautious addition of acid must be con- 
tinued until a permanent feeble red colour is obtained. 

164. When the neutralization is complete, restore the 
tube to its vertical position, and remove the thumb (which 
until now should not have been for a moment removed), 
scraping it gently, so as to separate most of the adhering 
acid. Allow the tube to remain upright for a minute or 
two, in order that the sides may drain, and then observe 
the degree at which the acid stands, that niunber repre- 
senting the percentage of dry carbonate in the sample.* 
The decomposition may be thus expressed : — 

J^aO,CO^+HO^O^=J^aOySO,-\-HO+ C O^. 

165. Determine the quantity of soda (NaO) in the same 
sample. This is done in the way described in the last 
experiment, but instead of filling the tube up to the mark 
carbonate of soda with acid, it is filled up to the mark 
9oday and then up to zero with water.f 

166. Ascertain experimentally the percentage of potash 
(KO), and of dry carbonate of potash (KO,CO J, in the crys- 
tallized carbonate (K0,C0j-|-2Aq).t 

* The atomic weight of crjratallized carbonate of soda (NaO.COa+lOAq) 
being 144, and that of the dry salt (NaO.COa) 54, the percentage of the latter, 
sappoatng the cryBtallizod salt to be pure, may be calculated as follows : — 
144 : 54 : : 100 : x = per centage of dry carbonate of soda. 

t If the crystallized salt is pure, the percentage of soda may be calculated as 
follows : — 
Ate. weight of crystd. carbonate of soda. Ate. wt. of soda, percentage of soda . 

144 : 32 :: 100 : a: 

X The atomic weight of KO is 48 ; that of K0,C02 70 ; and that of K0,C02 
+2Aq 88. 
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SEcrnoN n. 
Addifnetry, 

167. The process of alkalimetry being well understood, 
that of acidimetry will require but litQe explanation, as 
its principle is precisely analogous to that which has been 
described (160). In the former process the object was to 
determine the quantity of alkali by the quantity of acid 
which it was capable of neutralizing ; in acidimetiy, we 
have to ascertain the amount of real acid in any solution 
containing it in an uncombined form. When the acid 
under examination forms with lime, a salt that is soluble 
in water, its strength may be ascertained by determining 
the quantity of marble or carbonate (CaO,C02) which a 
given weight of it decomposes and dissolves. Tnis process 
will serve for nitric, hydrochloric, and acetic acids. 

168. Determine liie percentage of nitric acid (NO^) in a 
specimen of the liquid acid. 

Weigh out 150 grains of pounded marble, put it into 
an evaporating basm, and cover it with about two ounces 
of distilled water. Pour a little of the acid into a glass, and 
thence, by means of a dropping-tube (99), transfer exactly 
100 grains of it into a previously counterpoised capsule. 
Add this in successive portions to the marble, avoiding 
too large an addition at once, lest the effervescence should 
be so violent as to cause some of the liquid to be projected 
over the sides of the basin, and lost. 

When the whole of the acid has 
been added, wash out the dish which 
contained it, two or three times with 
distilled water, and add the washings 
to the marble : stir the mixture re- 
peatedly with a glass rod, and when 
the effervescence appears to have near- 
ly ceased, heat it gently over a lamp. 
Q^O,CO^fNO^=CaOyNO, + C O,. 
169. While this is going on, fit up a 
washing bottle, the tubes for which 
have been already prepared (94). Two 
, holes must be bored in the cork to fit 
'- the tubes, which must be fixed in the 
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manner shewn in the 

figure. Then prepare a ''/—a^ (1- 

filter, according to the __^T ^\ /^ "V^ 
directions already given ~~^''^'**si5t)k (jfl '^^iL^ 
(66) ; and having moia- ^KTSv T^ 

tened it with distilled ^^hu 

water, support it over a 11 

beaker glass by means ^ — -L 

of a retort stand or per- ^^^T 

forated block of wood. ^ ^ y 

Pour the solution from fll''!''PnP''lk 

the evaporating basin BHiq^yggyiifiM 

down a glass rod into III 

the filter, directing the I, » 1 

stream, so that it may ^.—l-j 

&U upon the sloping side , ^^^S^fanb- 

and not into the apex, '''^^S'ff^^^ 

test ita force should in- 
jure or break through the paper : wash the last por- 
tions of marble out of the basin by means of the wash- 
ing bottle, holding the 
bt^in in a nearly verti- 
cal position. When the 
Uquid has for the most 
ptut passed through the 
filter, wash the latter 
with water from the 
washing bottle, direct- 
ing the stream just be- 
low the upper edge of 
the filter, and continuing 
to wash until a drop of 
the filtered hqtiid, when 
evaporated on a strip of 
daas or platinum foil, 
leaves no trace of solid 
matter. When this is 
the case, we may be 
sure that the whole of 
the soluble nitrate of 
hme {OaOjA'O^} has been 
washed out, and that 
nothing remains but the portion of marble which was 
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not decomposed. This residue must now be thoroughly 
dried, weighed, and its weight deducted from that of the 
whole of the marble employed ; the diflference being of 
course the weight of that which has been dissolved by the 
acid. Now since every equivalent of carbonate of lime 
which has been dissolved, indicates the presence of an 
equivalent of nitric acid, the quantity of nitric acid in 
the 100 grains employed, may be ascertained by the fol- 
lowing proportion : — 

Ate. wt. of carb. lime. Ate. wt. of nit. acid. 

Y ' * Y 

"60 • 54 .. /Quantity of maro f percentage 

**" • 04 ..-(^ ble dissolved / * * ~ I of nt. add. 

170. Ascertain the percentage of hydrochloric acid (H CI) 
in a specimen of the liquid acid. Proceed exactly as in 
the previous experiment with nitric acid (168), only in the 
calculation, substitute the atomic weight of hydrochloric 
acid 37, for that of nitric, thus : — 

60 87 :: Quantity of marble dissolved x 

171. In the determination of the strength of acids which 
do not form with lime, salts that are soluble in water, the 
method just described will not of course give accurate re- 
sults, and the following may be adopted, which we will 
consider as used in the case of sulphuric acid, sulphate of 
lime being too sparingly soluble to admit of this acid being 
estimated by the process with marble. 

172. Determine the percentage of sulphuric acid {HOySO^ 
in a specimen of the dilute acid. Take 100 grains of the 
acid (weighed in the manner already described (168) ) and 
place it in a tolerably large evaporating basin ; dilute it 
with three or four ounces of water, and wash out with 
water the dish in which the acid was weighed, so as to 
avoid the loss of any of the acid : put into the dilute acid 
two or three pieces of litmus paper, and heat it gently over 
a lamp. Dissolve 100 grains of pure crystallized carbonate 
of soda (NaO,C02-f- lOAq) ^ ^wo ounces of water, applying 
if necessary a gentle heat, and pour it when cold into the 
alkalimeter tube (161), washing with water the dish in which 
the solution was made : then fill the tube up to zero with 
distilled water. Now take the tube in the left hand, and 
having closed it securely with the thumb, invert it re- 
peatedly, in order to secure the perfect and uniform mix- 
ture of the saline solution and the water. "When this has 
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been done, it is evident that each division of the alkali- 
meter tube must contain in solution one grain of the crys- 
tallized carbonate. 

The alkaline liquid must now be added gradually to the 
dilute acid, with the same precautions as in the process of 
alkalimetry (163) until the red colour of the litmus is 
changed to purplish blue ; when this is the case, remove 
the thumb, and after allowing the tube to stand upright 
for a minute or two, read off the degree at which the liquid 
stands, that number representing the number of grains of 
the carbonate which have been required to neutralize the 
100 grains of dilute acid. As each equivalent of the car- 
bonate which is neutralized represents an equivalent of 
the add, the following calculation wiU furnish the percent- 
age of the latter : — 

eqmv.ofciyBt.carb.Boda. eqnlT.ofsnlph.acid. gTs.ofcarb.ased. peret. of acid. 

> , , ^ > , — ^ 

144 : 49 :: : z 

173. Determine the strength of nitric {NO^ and hydro- 
chloric {HCl) acids by this method, and compare the re- 
sults with those obtained by the decomposition of marble 
(168, 170). 

SECTION m. 

JSstimoUion of Carbonic Add in Carhomxtea, 

174. The quantity of carbonic acid (COj) contained in 
any carbonate which is readily de- 
composable by hydrochloric acid, 
may be determined in the follow- 
ing manner. Take a piece of tube 
6, five or six inches long, with one 
end drawn out so as to leave only 
a small opening, and fill it with 
fragments of chloride of calcium 
(763), putting in a loose plug of 
tow or cotton wool at each end, 
in the manner already described 
(152). Bend a piece of quill tubing 
in the form shewn at d (88), and 
by means of perforated corks, con- — — =- 
nect the two tubes with a flat-bottomed flask, capable 
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of holding ten or twelve ounces of water. Select a tolera- 
bly wide test tube, of such a size as will stand in the flask 
in an inclined position as shewn in the figure, and nearly 
fill it with strong hydrochloric acid (HCl). 

175. Put into the flask twenty grains of marble (CaOjCO,) 
in small fragments, and pour upon it about an ounce of 
water: then cautiously introduce the tube c containing the 
acid, taking care that none of the acid is allowed to come 
in contact with the marble ; connect the chloride of cal- 
cium tube with the flask, and acciutitely weigh the whole 
apparatus. Now gradually incHne the flask, so as to allow 
the acid to flow slowly upon the marble; the carbonic 
acid is disengaged with effervescence, is deprived while 
passing over Sie chloride of calcium, of the moisture with 
which it is impregnated, and passes off through the small 
aperture in the tube b, leaving the apparatus of course 
hghter than before. 

176. When the effervescence has ceased, the flask should 
be gently warmed, and when cool again, the cork may be 
removeo, and air drawn through the flask by means of a 
small piece of tube, to abstract the whole of the carbonic 
acid with which it is filled, and which, being heavier than 
common air (22^, would add to its apparent weight. The 
chloride of calcium tube is then replaced, and the whole 
apparatus again weighed ; the loss of weight being of 
course that of the carbonic acid expelled. By multiplying 
this loss by 6 (20x5=100), the percentage of carbonic 
acid in the marble is obtained. 

177. Ascertain in the same way the percentage of car- 
bonic acid in the carbonate (NaOjCO^+lOAq) and bicar- 
bonate of soda (NaO,HO,2COj). 



PART IL 



ACTION OF EEAGENTS ON BASES AND ACIDS. 



CHAPTER I. 

SECTION I. 

Iiniroductory, 

178. QuAUTATiVB analysis has for its object the determi- 
nation of the elements or compounds which are contained 
in any given substance; and those elements and com- 
pounds are recognised by certain characteristic appear- 
ances which they present, when exposed to the action of 
tests or reagents, or when otherwise treated, as when sub- 
mitted to heat, &c. 

Before proceeding, therefore, to the more compUcated 
processes of analysis, it is advisable that the student should 
make himself familiar with the action of reagents on the 
compounds most commonly met with in such investiga- 
tions, in order to enable nim properly to interpret the 
language in which Nature, through ms experiments, replies 
to his enquiries. 

With this purpose in view, he should not merely apply 
his tests, and superficially note whether a precipitate is or 
is not formed, but he should endeavour to impress on his 
recollection the exact appearance which it presents, both 
as to colour and also as to physical structure ; whether it is 
ciystalline, curdy, or gelatmous ; whether it separates im- 
mediately from the solution, or requires time for its de- 
velopment ; as well as the action of solvents (as acids and 
alkahes) upon it. Besides the increased facihty which he 
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will thus gain in making subsequent experiments, he will 
be acquiring habits of close and accurate observation, which 
will be of infinite value to him, not only in pursuing the 
study of chemistry, but in almost every occupation of 
life. 



SECTION n. 

CUissificcUion of Bases and Acids, 

179. In describing the action of reagents, and the rudi- 
ments of chemical analysis, all the rarer bases and acids 
will be omitted, as they would only tend to confuse the 
student.* The following are those which will be treated 
of, as being most commonly met with in analysis. The 
bases are classified according to their behaviour with hy- 
drosylphuric ocic? (HS), hydrosylphate of ammonia (NH^ 
SyHS), and carbonate of soda {NaOfiO^. Those in Class 
IV. are precipitated as sulphiaes from acidified solutions 
by hydrosulphuric acid; ^those in Class III. are not af- 
fectea by hydrosulphuric acid when an excess of hydro- 
chloric acid is present, but are thrown down either as sul- 
phides or oxides when then- neutral solutions are treated 
with hydrosulphate of ammonia: those in Class 11. are 
not precipitated by either hydrosulphuric acid or hydro- 
sulphate of ammonia, but are thrown down as carbonates, 
by carbonate of ammonia or of soda : and those in Class I. 
are imaffected by any of those reagents. 

Bases. 

Class L 

Potash (KO) 

Soda (Na O) 

Ammonia. (NH3) 

Class IL 

Magnesia (Mg 0) 

Lime (Ca 0) 

* In the Appendix wiU be found a table shewing the behaviour of most of 
the rarer substances with reagents. 
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Baryta (BaO) 

Strontia (Sr 0) 

Class III. 

Alumina {^J^d 

Oxide of Chromium (Cr„Oo) 

Oxide of Zinc ?Zn 0) 

Protoxide of Manganese .... (Mn 0) 

Protoxide of Iron (Fe 0) 

Peroxide of Iron (Fe«0») 

Oxide of Nickel (Ni 0) 

Oxide of Cobalt (Co 0) 

Class IV, 

Oxide of arsenic (arsenious acid) . . (As Og) 

Arsenic Acid (As Oj) 

Oxide of Antimony . . . . ^Sb O3) 

Protoxide of Mercury (Hg 0) 

Peroxide of Mercury .... (Hg 0-) 

Oxide of Lead (Pb 0) 

Oxide of Copper (Cu 0) 

Oxide of Silver (Ag 0) 

Protoxide of Tin (Sn 0) 

Peroxide of Tin (Sn 0.) 

Oxide of Bismuth (BiaO,) 



Acids. 

The acids are divided into two groups, the Inorganic and 
the Oi^ganic. 



Inorganic Acids, 



Sulphuric 
Phosphoric 
Boracic 
Carbonic . 
Silicic . 
Hydrochloric . 
Hydriodic 
Hydrosulphuric 
Nitric . 
Chloric 



(SO.) 

(Si 0,) 
(HCf) 
(HI) 
(HS) 
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Organic Acids, 

OxaUc (HOjCpj 

Tartaric (2 HO,CgELO,o) 

Citric (3 H0,C,„H50,i) 

Malic (2HO,aH,03) 

Succinic (HOjC.lLOs) 

Benzoic {ROfi.fi^fid 

Acetic (HOjCXOg) 

Formic {HO,CJ{^0^) 

180. Should the student find that the action of any test 
does not agree with that described, it may be owing to 
some impurity contained in the test liquid, in which case he 
may examine it in the manner described in the section 
on reagents (718). 



CHAPTER n. 

METAIfi BELONGma TO CLASS L 

Potash, Soda, and Ammonia, 

181. The three bases belonging to this class are chiefly 
characterized by the solubility in water of most of their 
compounds, and the consequent difficulty of obtaining them 
in an insoluble form, and of separating them from one 
another in the shape of precipitates. They are distin- 
guished from all otner bases by producing no precipitate 
when tested with either of the three classifying tests, viz., 
hydrosulphuric acid, hydrosulphate of ammonia, and car- 
bonate of soda, their sulphides and carbonates being all 
soluble in water. 

Solutions of the uncombined or carbonated alkalies are 
alkaline to test paper, turning reddened litmus blue, and 
turmeric brown. 
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SECTION I. 

Potash (KO) .♦ 



A solution of chloride of potassium {KCl) may be used. 

182. When a drop of the solution of a potash salt is 
evaporated on platiniuu foil and ignited, it leaves a fixed 
residue, in which respect it differs from anmionia (192). 

183. Observe the action of caustic potash and carbon- 
ate of potash in solution, on litmn^s and turmeric paper. 

Test the solution in separate test-tubes with hi/drosul- 
phuric add, hydrosidphate of am/monia, and carbonate of 
8oda. No precipitate is prdduced in either case. 

184. It must be remembered that in manjr cases, precipi- 
tates do not separate at once from the solutions, but reqmre 
time for their development. This is especially to be re- 
garded in the precipitation of those salts which are to 
some extent soluble, as the double chloride of platinum and 
potassium, bitartrate of potash, ammonio-phosphate of 
magnesia, and many others. In all such cases, and when- 
ever there is any doubt as to the appearance of a precipi- 
tate, it is better to leave it for a time, and not to decide 
that no precipitation will take place imtil the mixture has 
stood twenty-four hours. K after that period no precipi- 
tate appears, it may be safely inferred that none will after- 
wards be formed. It is necessary also in these cases, that 
the solutions should be tolerably concentrated. 

185. (C) An alcohoHc solution of bichloride of platinum 
(PtCZ^) when added to neutral or sHghtly acid potash solu- 
tions (especially of chloride of potassium), throws down a 
fine yellow crvstaUine precipitate, consisting of the double 
chloride of platinum and potassium (KCl,PtCl^). If the 
potash solution is dilute, the precipitate does not form 
at once ; so that it is necessary, in employing this test, 
when we do not obtain a precipitate immediately, to allow 
the mixture to stand some time (184) before we decide that 
no potash is present. In such cases the best way is to 
evaporate a mixture of the solution of chloride of potas- 
sium and chloride of platinum nearly to dryness on a 

* Those tests "which are most characteristic are distinguished by (C). 
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water bath (645), and treat the residue with alcohol, which 
leaves the whole of the double chloride undissolved. 

As ammonia produces with chloride of platinum a simi- 
lar precipitate, it is necessary before deciding that the 
indication is due to potash, to prove the absence of am- 
monia (194). 

186. (C) Add a solution of tartaric acid {^HOfififl^^ 
in excess to that of the potash salt, which should be either 
neutral or with a slight excess of alkaU. A colourless 
ciTstalline precipitate is produced of bitartrate of potash 
(if 0,H0,C8H^0,<,). As in the last test, the precipitate does 
not appear immediately unless the solution be concen- 
trated; so that it must be allowed to stand a short time 
before we satisfy ourselves that no potash is present. 

The separation of the precipitate, in this and other simi- 
lar cases, is much assisted bv agitating the mixture with a 
glass rod ; wherever the rod has rubbed against the sides 
of the tube containing it, delicate lines of microscopic 
crystals are deposited before any precipitate appears in the 
body of the liquid. 

187. (C) Ignite a small fragment of a salt of potash on 
platinum wire in the deoxidizing flame of the blowpipe (83), 
and observe the violet colour which it communicates to it. 
A small (][uantity of the potash (KO) is here deoxidized, and 
the volatile potassium (K) thus formed, is again oxidized 
while passing through the outer flame, which combustion 
is accompanied by tne violet flame. 

The same colour may be observed in the flame of alcohol 
which contains a Httle potash in solution. 

It is to be observed that in these experiments, the pre- 
sence of any soda prevents the appearance of the violet tint, 
on account of the intense yellow colour which the latter 
base gives to the flame. 

SEcnoN n. 

Soda (Na 0). 



A solution of sulphate of soda {NaO^O^-^lO A^ 

msij be used. 

188. (C) An alcoholic solution of bichloride of platinum 
(PtCl^ gives no precipitate in solutions of soda salts, even 



SODA. 65 

when they are concentrated. If the mixture, however, be 
allowed to evaporate spontaneously, dehcate yellow needle- 
shaped ciystals of the double chloride of sodium and plati- 
num (NaCljPtClj) will gradually form, which are so totaUv 
different in appearance from the corresponding potash 
compound (185), besides being readily soluole in water and 
alcohol, that the two cannot be mistaken for each other. 

189. (C) AntimonicUe of potash {KO^hO^ when added to 
soda salts, either neutral or containing a shght excess of 
alkali, produces a white crystalline precipitate of antimoni- 
ate of soda (NaO,Sb04) (1^)- ^ ^^^ soda salt under exa- 
mination contains an excess of acid, it should be neutral- 
ized with potash before the addition of the antimoniate, 
as otherwise a precipitate of antimonic acid fHO,SbOj) or 
biantimoniate of potash (KO,2SbO,) might be produced, 
owing to the decomposition of the antimoniate by the 
free acid. 

It is necessary in employing this test, that both it and 
the soda solution should be tolerably concentrated, as 
otherwise noprecipitate will be produced (184). 

190. (C) Wnen a fragment of a salt oi soda is heated 
before tne blowpipe, it communicates an intense yellow 
colour to the flame ; the same colour is produced also when 
alcohol is mixed with a solution of soda, and burnt. 

191. Neither hydroavlphuric add, hydrosidphate of am- 
monia, nor an aikaline ca/rboruUe^ proauce any precipitate 
in solutions of soda, neither does tartaric add (186). 



SECTION m. 

Ammonia {NH^ or with one equivalent of water, which all 
its salts with oxygen adds contain {NHfi), 

A solution of muriate of ammonia {NH^Cl) may be used. 

192. (C) When heated on platinum foil, the salts of am- 
monia are all decomposed ; and (unless the acid, like the 
phosphoric or boracic, is fixed at a red heat,) volatilize 
completely, leaving, if pure, no fixed residue. They may 
be in this way readily distinguished from the salts of 
potash and soda. 

193. Like potash and soda, ammonia gives no precipitate 
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with hydrosfulphuric acidy kydrosvlphate of ammonioLf or 
an alkaline carbonate, 

194. (C) Bichloride of platinum {PtCl^ throws down in 
ammoniacal solutions, wnich are not very dilute, a yellow 
crystalline precipitate of the double chloride of platinum 
and ammonium (NH^Cl^Ptd,), which is very similar in ap- 
pearance to that produced in solutions of potash (184, 185). 

If we are doubtful whether the precipitate obtained by 
this test is due exclusively to anunonia, or whether it con- 
tains any potash, the precipitated double chloride may be 
i^ted, and the residue digested in water ; if the solution 
thus obtained give any precipitate with nitrate of silver, 
potash is present. HhQ reason is this; the anmioniacal 
compound (NH^CljPtClj) leaves, after ignition, nothing but 
metaUic platinum ; while the potash compound (KCl,ftClj) 
leaves a mixtiu^e of metaUic platinum and chloride of po- 
tassium, the latter of which, when dissolved in water, and 
tested with nitrate of silver, gives a precipitate of chloride 
of silver (AgCl) (429). 

195. (C) 'Die salts of ammonia are all decomposed when 
gently heated in a test-tube ♦ with a solution of caustic 
potoMi or soda, or with hyd/raZe of lime (CaO,HO). The 
fixed alkali here combines with the acid of the anmio- 
niacal salt, on account of its superior affinity, and sets 
free the ammonia. 

NHp,S03 4-ir(?=:K0,S03-hNH3-fJro. 

The presence of the free 
ammoma in the upper part 
of the tube may be proved, 

(a) By its well known 
odour ; 

(6) By its alkaline reac- 
tion on turmeric and red- 
dened litmus paper, which 
should be previously moist- 
ened, and then held within 
the tube, care being taken 
that it does not touch any 
part of it ; and 

(c) By the production of 
dense wnite fumes of muriate 




* When a liquid is to be boiled in a test-tube, the latter maybe conveniently 
held in a loop of paper or cloth, as shewn in the figure. 
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of ammonia (NELCl), when a rod moistened with dilute hy- 
drochloric acid (fid) is held near the mouth of the tube. 

196. Tartaric acid {^0,CJIfix^ behaves with ammo- 
nia in the same way as with potash, throwing down a 
colourless crystalline, precipitate of bitartrate of am- 
monia (NH^OyHOjCgHPio)? which is, however, rather more 
soluble than the bitartrate of potash (186). 

Bwmmcvry of Class L 

197. From the experiments now described, it appears that 
the three alkalies may be distinguished from other metallic 
oxides by their producing no precipitate with either hydro- 
sulphuric acid, hydrosulphate of ammonia, or an alkaline 
carbonate, one or more of which causes, as we shall presently 
see, a precipitate with all the other bases. Hence, if we 
have a solution which we know to contain some inorganic 

line matter, and we find no precipitate produced in it on 
the application of those tests, we conclude that the base of 
the sa6 is either potash, soda, or ammonia. 

For the purpose of distinguishing between the three 
alkalies themselves, we may first test for ammonia, by 
heating with potae^ (195). If this is absent, add to a 
tolerably concentrated solution some bichloride of plati- 
num or tartaric acid (185, 186), which will enable us to dis- 
tinguish between potash and soda. If these tests give no 
Erecipitate, it is probable that the base is soda, which may 
e confirmed by the behaviour of the solution with an- 
timoniate of potash (189), and by allowing the mixture 
with bichloride of platinum to evaporate spontaneously, 
when, if yellow needle-like crystals appear, the presence of 
soda may be considered certain (188). 



kh 
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CHAPTER HI. 

M£TAI£ BELONGING TO GLASS H. 

Magnesiay Lime, Baryta, and Strontia, 

198. These bases are distinguished from the alkalies by 
the insolubility of many of their salts, especially their carbo- 
nates and phosphates ; so that when treated with carbonate 
or phosphate of soda, they furnish copious precipitates. 

SECTION L 

Magnesia (MgO). 



A solution of the sulphate {MgO,SO^-\-7Aq) is the most 
convenient for the following experiments. 



199. Neither h^drostdpkuric acid nor hi/dro»ulpkate of 
ammonia give any precipitate in solutions of magnesia.* 

200. (C) Ammonia (iV^^j) when added to a neutral solution 
of magnesia, separates a portion of it in the form of hydrate 
(MgO, HO), wmch appears as a bulky white precipitate. 

MgO,SO^'{-NH^Jt^HOz=^M^;a.O+NHfiySOy 

The rest of the magnesia remains in solution, in com- 
bination with the ammonia and acid, forming a soluble 
double salt of ammonia and magnesia {NH^O,MgO,2JSO^). 
Most of these double salts of ammonia and magnesia being 
soluble in water, and being usually formed when ammo- 
niacal salts are present in excess, tne latter have a strong 
tendency to interfere with the action of the reagents, which 
in the absence of ammonia produce a precipitate. For 

* When, as Ib sometimes the case, the hydrosulphate contains firee ammo- 
nia, it may cause a slight precipitate (200). 
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example, if tlie solution of magnesia be mixed with muriate 
of ammonia {NH^Cl\ and then tested with ammonia as 
above, no precipitate is produced. 

201. Collect on a filter, and wash with distilled water, 
a little of the precipitated magnesia obtained in the last 
experiments, and place it while moist, on yellow turmeric 
paper ; the magnesia being very slightly soluble in water, 
has an alkaline reaction, and turns it brown. 

202. Solution of caustic potash {K0\ precipitates hydrate 
of magnesia (MgO,HO), especially if tne mixture is heated. 

MgOySO^+KO'\'HO^UgO;H.O+KOySOy 

Ammoniacal salts (as muriate of ammonia), if present 
in the solution, prevent the formation of this precipitate, 
or, if added subsequently, redissolve it. 

203. Carbonate of potash {KO,CO^ gives a white precipi- 
tate consisting of oasic carbonate or magnesia (4MgO,3C03 
-{-4Aq). A portion of the magnesia remains in solution 
as bicarbonate, which when boiled is decomposed, and the 
neutral carbonate MgO,COj^ being insoluble, is precipi- 
tated. Ammoniacsu salts, if present, prevent the forma- 
tion of these precipitates, and redissolve them if subse- 
quently added. 

204. Carbonate of ammonia {^NHfifiCO^ gives no pre- 
cipitate unless the solution is boiled, and not even tnen 
unless it be added sparingly. 

205. Bulphv/ric add {MO,SO^y or svlphaie of soda 
(NaOJSO^, produces no precipitate in solutions of magne- 
sian salts, since the sulphate of magnesia is soluble in water. 

206. (C) Phosphate of soda {^NaO^OyPO^^ gives a 
white precipitate of phosphate of magnesia (2MgO,HO,P05) 
provided the solution is not very dilute, and especially 
on boiling. 

Hie addition of a/mmonia or its carbonate to the mag- 
nesian solution, renders the phosphate of soda a far more 
delicate test than when used alone, because under those 
circumstances the double phosphate of ammonia and mag- 
nesia (2MgO,NH^O,POj4-12Aq) is produced, which is less 
soluble than the phosphate of magnesia, and is conse- 
quently thrown down from a more dilute solution than 
would fiimish a j)recipitate with phosphate of soda alone. 
If the solution is very dilute, the precipitate does not 
appear at once, but if allowed to stand some little time. 
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a crystalline deposit of the double phosphate gradually 
separates (184). A^tation of the liquid with a glass rod 
hastens the formation of this precipitate ; and it is re- 
markable that if the tube be rubbed at sil with the rod 
during agitation, lines of minute crystab are there first 
deposited. The same phenomenon occurs in the case of 
the bitartrate of potasn and others, in which the preci- 
pitate is slowly deposited from a dilute solution. 

As the double pnosphate is readQ^ soluble in an excess 
of acid, and slightly so in water, it is necessary that the 
solution should be pretty stronely ammoniacaL 

It will be observed that in tnis test, the effect of am- 
moniacal salts in the solution is the reverse of that before 
described (200). When mixed with ammoniacal salts in- 
deed, magnesia can be precipitated only by a soluble phos- 
phate. 

207. Oxalate of ammonia {NHfififi^ gives, in tolerably 
strong solutions, a white precipitate of oxalate of magnesia 
(MgOjCjOj), provided no otiber ammonia(»l salts are pre- 
sent. 

208. (CJ Ba/ryta water {BaO in water) gradually throws 
down a wnite precipitate of hydrate of magnesia (MgO,HO) 
(184V If the sulphate of magnesia be used, the insoluble 
sulphate of baryta (BaO,S03) '''^ ^ thrown down at the 
same time. 

J/'5rO,AS'(?3-|-i?aO,irO=MgO,HO,+BaO,S03. 

209. (C) When magnesia or one of its salts is moistened 
with a solution of nitrate of cobalt (CoO,NO^), and strongly 
heated before the blowpipe, the mixture assumes a p«ile 
flesh or rose-colour. 



BBCTnON n. 

Lims (CaO). 



A solution of chloride of calcium {CaCl) or nitrate of lime 
{CaOyNO^-\-3Aq) may be used with the liquid tests. 



210. Race a small fragment of caustic lime on moistened 
turmeric paper; the brown colour which is produced 
shews the alkaline nature of lime. 
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211. Hydrotvlphwric acid and hydrostdphate of ammonia 
give no precipitate in solutions of salts oi lime. 

212. Ammonia produces no precipitate. 

213. Potash (KO) throws down a white precipitate of 
hydrate of lime from concentrated solutions, which redis- 
solves when treated with a large quantity of water. 

CaCl,'\-K0,HCh=CB.0;&O'^KCl. 

If any of the precipitate is insoluble when treated with 
water, it is probably owing to the potash containing a little 
carbonate, which would cause the formation of the insolu- 
ble carbonate of lime. If the solution of hydrate of lime 
be exposed to the air, it gradually absorbs carbonic acid, 
and a deposit of carbonate of lime takes place, which dis- 
solves with effervescence in dilute hydrocmoric acid. 

214. (C) Carbonate of potash {KO,CO^ throws down a 
copious precipitate of carbonate of lime ^CaO,CX),), which is 
readily Boluble with effervescence in ailute hydrochloric 
or nitric acid. 

C7a(7^-fJrO,CO,=CaO,CO,H-ira. 

The quantity of the precipitate increases on boiling the 
mixture ; and its formation is unaffected by the presence 
of ammoniacal salts. 

215. SutphvHc add {ffO,JSO^ or sulphate of soda {Na 
OjSO^y when added to concentrated solutions of lime, give 
an immediate white precipitate of sulphate of lime (QiO, 
S0,-|-^2Aq). 

CaCf-{-J^aO^O^:=:iCa.O^O^+]!^aCL 

If the solution is not concentrated, the precipitate may 
not appear at once, but will gradually separate in the form 
of minute ci*5rstals (184) ; and if the solution is very dilute, 
no precipitation will take place, because the sulphate of 
lime, being soluble in about 500 times its weight of water, 
remains dissolved if sufficient water is present. 

216. (C) After having thrown down the sulphate of lime, 
pour the mixture on a filter, and test the filtered solution 
with oxalate of ammonia (218) ; sufficient of the sulphate 
will have been retained in solution to give a very percep- 
tible precipitate with the oxalate. 

217. Phosphate of soda {^NaOyHOyPO^ gives, in neutral 
or alkaline solutions of lime, a white precipitate of phos- 
phate of lime (8CaO,3POg) which is readily soluble m di- 
lute hydrochloric acid, and reprecipitated from the acid 
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solution when neutralized with ammonia.^ The presence 
of ammonia does not, as in the case of magnesia, facilitate 
the formation of this precipitate. 

218. (C) Oxalate of ammonia {NHfiyC^O^ is an ex- 
tremely delicate test for lime. When added to a solution 
containing it even in a highly diluted state, a copious white 
precipitate of oxalate of lime (CaO,C203+2Aq) is pro- 
duced, which is one of the most insoluble salts with which 
we are acquainted. 

CaCl+NHfififi^=:O^Oflfi^+Nn^CL 

It is necessary that the solution should contain no excess 
of acid, as the oxalate of lime is soluble in acid ^solutions ; 
acetic and oxalic acids, however, do not dissolve it. 

219. If alcohol, containing a salt of lime in solution, is 
burnt, the flame has a reddish tinge, less crimson, how- 
ever, than that caused by strontia under the same cir- 
cumstances (236). The salts of lime also communicate 
a similar colour to the blowpipe flame. 



SECTION m. 

Baryta (BaO). 



A solution of chloride of barium (BaCl-^-^Aq) may 
be used with the liquid tests. 

220. Hydrosvlphuric add and hyd/rostdphate of arrmu}- 
nia produce no precipitate with salts of baryta. 

221. Ammonia, when free from carbonate, gives no pre- 
cipitate. 

222. Potash [KG) in dilute solutions, gives no preci- 

Sitate ; but if the baryta solution be concentrated, it throws 
own a bulky crystalline precipitate of hydrate of baryta 
(BaO,HO,-|-9Aq), which redissolves if water be added. 

223. Carbonate of Potash (KOfiO^, or carbonate of 2snr 
raonia. {2N^H^O,3CfO^), throw down a white precipitate of 
carbonate of baryta (BaO,CO..). 

BaCl-^KO,00^=Ba,OflO^+KaL 

* If the phosphate of soda be added drop bj drop to an excess of chloride of 
calcium, the precipitate consists of (2CaO,HO,P05). 
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When sesc[uicarbonate of ammonia is used, the solution 
should be mixed with a little free ammonia, and boiled, to 
decompose any bicarbonate of baryta, which, if present, 
would remain dissolved. The precipitated carbonate is 
readily soluble with effervescence in dilute hydrochloric 
or nitric acid. 

224. (C) Sulphuric acid (RO,SO^ and sulphate of soda 
(NaOySb^ produce in solutions of bani» a copious white 
precipitate of sulphate of baryta (BaO,S03) even in very 
dilute solutions. 

This precipitate is quite insoluble in hydrochloric and 
nitric acids, and thus differs from the carbonate formed in 
the last experiment. 

225. (C) Solution of svlphate of lime {CaO,SO^ throws 
down an immediate precipitate of sulphate of baryta (Ba 
0,803). '^^^ is the most convenient form of applying a 
very dilute solution of a sulphate (sulphate of lime re- 
quiring about 500 times its weight of water to dissolve it), 
and serves to distinguish baryta from strontia (233). 

226. Phosphate ^ soda {^NaOyHOyPO^ causes a white 
precipitate of phosphate of baryta (2IteiO,HO,P05), which is 
soluble in free acids, but is reprecipitated when the acid 
solution is neutralized with ammonia. 

The presence of ammoniacal salts does not affect the 
formation of this precipitate. 

227. Oxalate of ammonia {NHfififi^ throws down a 
white crystalline precipitate of oxalate of oaryta (BaO,Cj03) 
if the solution is not very dilute (184). It requires a 
much stronger solution of baryta than of Hme to cause 
a precipitate with oxalate of ammonia. The oxalate of 
baryta, like that of lime, is readily soluble in free acids. 

228. The flame of alcohol, containing a baryta salt, has a 
yellowish colour, in which respect it (Effers from lime and 
strontia (219, 236). 
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SECTION IV. 

Strontia (SrO). 



A solution of nitrate of strontia (JSrO,NO^) may be used. 

229. Neither hydrosvlphuric add nor hyd/rosuLphate of 
ammonia produce any precipitate in solutions of strontia. 

230. Ammonia and potash behave with solutions of 
strontia as with those of baryta ; from concentrated solu- 
tions potash throws down the white hydrate of strontia 
(SrO,HO). 

231. Alkaline carbonates also act as with solutions of 
baryta (223), carbonate of strontia (SrOjCOj) being pro- 
duced. 

232. (C) Svlphuric add {HO^O^ and sidphate of soda 
{J^aO,SOo) throw down a white precipitate of sulphate of 
strontia (SrOjSOg) immediately, ii the solution is not very 
dilute, and after standing a short time if it is so ; in the 
latter case the precipitated sulphate is in the form of mi- 
nute crystals. 

JSrOyN^O^+I^aO^O^^BiO^O^+J^aOyN'O,. 

233. (CJ Solution of sulphate of lime (CaO^O^ gives 
no immediate precipitate m solutions of strontia, but if 
allowed to stand, sulphate of strontia gradually separates. 
Strontia may thus be distinguished from baryta (225). 

234. Phosphate of soda {2NaOyHO,PO^ behaves with 
solutions of strontia as with those of baryta (226). 

235. OxalaJte of ammonia {NH^OfijO^ gives a white 
precipitate of o:!^late of strontia, m strong solutions, but 
not in dilute. 

236. The flame of alcohol in which a salt of strontia is 
dissolved, or which contains some of the aqueous solution, 
assumes a beautiful carmine colour, especially if the ndxture 
is stirred. The colour of this flame should be compared 
with that produced when the alcohol contains lime (219). 
When a salt of strontia is heated before the blowpipe, 
the same carmine colour is communicated to the flame. 
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Summary of Class IL 

237. Supposing we have in solution a salt of one of the me- 
tals belongmg to this class, viz.: magnesia, lime, baryta, 
or strontia, we should be able without any difficulty, by 
applying a few of the most characteristic tests, to ascertain 
which individual of the class it is. Thus we should find 
that a solution of hydrosulphate of ammonia gave no pre- 
cipitate, and that an alkaline carbonate gave a white one ; 
from which we should infer that the metal belongs to Class 
n. We might then test it with a solution of sulphate of 
lime, which would tell us whether baryta or strontia were 
present (225) ; if not, add to a very dilute solution a little 
oxalate of ammonia, which, if the base were lime, would 
throw it down as oxalate (218). If neither of these tests 
give an^ indication, add phosphate of soda and ammonia, 
when, if the base is magnesia, the double phosphate of 
ammonia and magnesia is precipitated (206). 

Before finallv deciding, nowever, that the base is either 
of these, it is always necessary to apply other confirmatory 
tests in addition to those just mentioned. 



CHAPTER rV. 

METAIB BELONGING TO GLASS UL 

Alumina, Oxide of Chromium^ Oxide of ZiTWy Protoxide of 
Manganese, Protoxide of Iron, Peroxide of Iron, Oxide of 
Nickel, and Oxide of UobaU, 

238. The metals of the third dass are distinguished from 
those of the first and second, in being precipitated fr^m 
their neutral solutions by hydrosulphate of ammonia ; and 
from those of the fourth class in being unaffected (with 
the piurtial exception of peroxide of iron (278) ) when their 
solutions, containing a slight excess of acid, are treated 
with hydrosulphuric acid. 
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SECTION L 

Alumina (A1,0,). 



A solution of sulphate of alumina {Al^OJIiSO^+lSAq) 

maybe used. 

239. Hydrostdphuric Acid gives no precipitate either 
in a neutral or acid solution of alumina.* 

240. (C) Hydrosvl'phaJte of Ammonia (NHJSySS) when 
added to a neutral solution, gives a wmte precipitate of 
hydrate of alumina (Alj,0j,3H0), and hydrosulphuric acid 

IS lin6P&t(Hl. 

AL0„d/S0[+3 (Nff,SyH&)+6ffO=ALO^ZB.O+^(Jf^ff.O, 

S0.)+6KS. 

241. (C) Ammonia (iVA) throws down a bulky white 
gelatinous precipitate, which consists chiefly of hydrate- of 
alumina (MJO^ZRO) with a small admixture of ammonia, 
and a basic salt of alumina, which may be said to be inso- 
luble in an excess of ammonia, although with a very large 
excess, and imder peculiar circumstances, a portion of the 
precipitate occasionally redissolves. 

242. (C) Potash (KO) also gives a precipitate of hydrate 
of alumina, which, like that caused by ammonia, usually 
contains a httle basic salt : it differs from it, however, 
in being entirely soluble in an excess of the precipitant. 
If the solution in potash is mixed with muriate of am- 
monia (NH^Gl) the alumina is again precipitated. 

Al^0^ZS0-{-Z{K0^0)=AU)^,2^B.O,'\-ZK0^0^, 

243. Carbonate &f potash {KOfiO^ and carbonate of am- 
monia {^NHfi^CfO^ give a precipitate of hydrate of alu- 
mina, which is insoluble in excess. 

Alfi^ZSO^+^KOfiO^)+ZH(h=zAip^Z'RO'\'Z{KO^O^ 

+3C0». 

244. Sulphuric add and sulphate of soda give no preci- 
pitate in solutions of alumina. 

245. (C) If a salt containing alumina be moistened with 
a solution of nitrate of cobalt {CoO,NO^) and heated on 

* In moBt cases of qaalitatiye analysis, hydrosulphuric acid may be applied in 
the state of solution in water (729). 
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charcoal before the blowpipe, it assumes a beautiful sky 
blue colour, which is very characteristic, as no other sub- 
stance gives so decided a colour, though silica acquires 
under the same circumstances a tint somewhat similar, 
but much less intense. The blue colour is best seen by 
daylight, after the mass has cooled, as by candle light it 
appears violet. 

SECTION n. 

Oxide of Chromium (CrjOj).* 



A solution of sulphate of chrome {Orfi^'^SO^ may be used. 

246. Hyd/romtphuric add produces no precipitate either 
in neutral or acid solutions. 

247. (C) Hydromiphate of ammonia (NH^S^HS) when 
added to neutral solutions of oxide of chromium, throws 
down a dark green precipitate of hydrated oxide of chro- 
mium (OjOgjSHO), which is insoluble in excess. 

248. (C) Ammionia (NH^ also produces the same preci- 
pitate (CrjOgjSHO), a small portion of which redissolves 
m an excess of ammonia, forming a pale pinkish solution, 
but is again precipitated when the mixture is boiled. 

249. (C) Potash (KG) also throws down the hydrated ox- 
ide, which is soluble in excess, forming a green solution ; 
if the alkaline solution be boiled for a len^h of time, the 
hydrated oxide is again precipitated, leaving the hquid 
colourless. 

250. CarboTiate of potash (KO,CO^) gives a dull green pre- 
cipitate of subcarbonate of chromium, which redissolves 
in a large excess of the precipitant. 

251. (C) Oxide of chromium, when heated before the blow- 
pipe with borax or microcosmic salt, either in the inner or 
outer flame, fuses into an emerald-green bead. 

252. (C) If it is heated with a mixture of nitrate of potash 

* 'It w remarkable that several of the compounds, both soluble and insoluble, 
of oxide of chromium, vhich are green by daylight, appear of a reddish purple 
colour when seen by candlelight. This peculiar form of dichroism is seen to 
great advantage in a solution of the oxalate of chrome, -which is green by day- 
light, but if held between a candle and the eye, appears purplish crimson. 
What is still more remarkable is, that if a green object, such as a tree or field, 
be viewed by daylight through the green solution, it appears of a bright reddish 
paiple colour. 
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(KOjNOj) and carbonate of soda (NaO,CK)j), a yellow bead 
of alkaline chromate is formed. Here a portion of the 
oxygen of the nitric acid combines with the oxide of chro- 
mium ipTfiX converting it into chromic acid (Crj,Og), or 
rather (CrOg), which combines with the potash or soda, 
forming an alkaline chromate (KOjCrOg). If the bead be 
dissolved in water acidulated with a little nitric acid, the 
solution will give with salts of lead a bright yellow preci- 
pitate of chromate of lead (PbOjCrO,) (363). 



SECTION m. 
Oxide of Zinc (ZnO). 



A solution of sulphate of zinc (ZnOySO^-^-lAg) may be used. 

253. H^d/rosvlphwric add (HS), when added to a neu- 
tral solution of zmc, causes the precipitation of a portion of 
it as sulphide (ZnS). This test, however, for reasons which 
will afterwards appear (641), is usually applied to solutions 
containing a slight excess of hydrocnloric or some other 
acid. For this purpose, acidify a little of the solution in a 
test-tube with a drop or two of hydrochloric acid {HCl) 
and then test it with hydrosulphuric acid ; it will in this 
case produce no precipitate. 

264. (C) Hi/drostilphate of ammonia {NH^SjWS) when 
added to a neutral or alkaline solution of zinc, ^ves a copious 
curdy precipitate of sulphide (ZnS), which 3 the zinc salt 
be pure, is white ; but ii, as is frequently the case, any iron 
is present, the precipitate will be more or less coloured, 
owing to the admixture of a little of the black sulphide 
of iron (FeS). 

ZnO^O^+J!^H,S,HS,=ZDB+J}^ff,0^0.'hRB, 

266. (C) Amm^onia {NH^ throws down a white gelatinous 
precipitate of hydrated oxide of zinc (ZnO,HO), which is 
readily soluble in excess. 

ZnO,SO^'>rNH^+^nO=^ZnO,UO-\'NHfi,SO^. 

If the ammoniacal solution of the oxide be treated with 
hydrosulphuric acid, the white sulphide (ZnS) is thrown 
down. 

256. (C) Potash {KG) behaves in the same manner as am- 
monia, giving a precipitate (ZnO,HO), soluble in excess. 
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Hydrosulphuric acid throws down the white sulphide firom 
the potash solution. 

257. Ca/rb(moae of Potash {KOfiO^ gives a white precipi- 
tate of basic carbonate of zinc ( (3ZnO,HO)+2(ZnO,COj) ) 
which is insoluble in an excess of the carbonate. Ammo- 
niacal salts in solution prevent the formation of this preci- 
pitate, since they combine with the oxide of zinc, forming 
double salts, which are soluble in water. 

258. Carbonate of ammonia {2^fffi,3C0^ in small quan- 
tity throws down the basic carbonate of zmc (3 (ZnO,HO) 
+2(ZnO,COj) ) which readily redissolves in an excess of 
the ammoniacal salt. 

259. Stilphuric add, and svlphate of soda, give no precipi- 
tate in salts of zinc, because the sulphate of zinc is soluble 
in water. 

260. (C) When oxide of zinc or any of its salts are mixed 
with carbonate of soda, and heatea on charcoal in the 
inner flame of the blowpipe, the zinc is reduced to the 
metallic state, in which condition it is volatilized by the 
heat, and reoxidized while passing through the outer 
flame ; the oxide thus produced is in part deposited on the 
charcoal in the form of a pale yellow incrustation, which 
on cooling becomes white (116). 

261. (C) If oxide of zinc or its salts be moistened with a 
solution of nitrate of cobalt (CoOyNO^, and heated in the 
outer blowpipe flame, the mixture assumes a pale green 
colour, which is very characteristic. Zinc can in this way 
he readily distinguished from other substances, especially 
from alumina and magnesia (245, 209). 



SBOnON IV. 

Protoxide of Manganese (MnO). 



Absolution of sulphate of manganese {MnO,SO^-\-lAg) 

may be used. 

262. HydrosylphvHc add (HS), when added to an acidi- 
fied solution (formed by adding a few drops of hydrochloric 
add to a little of the solution in a test-tube), gives no {)re- 
cipitate. If the solution is neutral, a partial precipitation 
of sulphide (MiiS) takes place. 



i 80 HETAIB BELONGINO TO GLASS m. 



263. (C) HydromLphate of ammonia (JVff^SyHiS) gives in 
neutral solutions a flesh-coloured gelatinous precipitate of 
sulphide of manganese (MnS), which is insoluble in excess. 
If this precipitate be exposed to the air, it is gradually de- 
composed, and is converted into the dark brown hydrated 
sesquioxide (Mn,0y2H0) in consequence of the strong affi- 
nity of manganese lor oxygen, which it absorbs from the air. 

264. (C) Ammonia (iVl&a) throws down a white or pale 
flesh-coloured precipitate oi hydrated protoxide of mangar 
nese (MnO,HO), which if exposed te the air becomes brown, 
owing to the formation of the sesquioxide (MnJD5,2HO) 
as in the last experiment. 2(MjiO,HO)+0=Mn,03,2HO. 

If muriate of ammonia (NHfil) is present in the solu- 
tion, it prevents the precipitation or the hydrated pro- 
toxide ; or, if added siibsequently, redissolvss it, owing to 
the formation of double salts of ammonia and manganese 
which are soluble in water. If the ammoniacal solution 
be exposed to the air, the brown sesquioxide is gradually 
precipitated. 

265. Potash {KG) behaves as ammonia in solutions of 
manganese : the presence of muriate of ammonia, however, 
does not altogether prevent the precipitation of the pro- 
toxide. 

266. Carbonate of potash (KOfCO^ or of ammonia 
{^NHfifiCO^ throws down a white precipitate of carbo- 
nate of manganese (MnOjCOj) which is less prone to blacken 
on exposure than the hydrated oxide. 

MnO^O^-^KOfi0^^miOfiO^-\-KO^O^, 

267. (C) When compounds of manganese are mixed with 
carbonate of soda (NaO,COj) and heated on platinum wire 
in the outer flame of the blowpipe, the manganese becomes 
more highly oxidized, and is changed into manganic acid 
(MnOg) ; this combines with the soda to form manganate 
of soda (NaO,MnO,) which has a characteristic green colour. 
The change is proauced still more rapidly if a little nitrate 
of potash (KOJn^O^) be added to the mixture. 

268. (C) When mixed with borax (NaO,2BO3-H0Aq) or 
microcosmic salt (NaO,NH^O,HO,P04-f 8Aq) and heated 
in the outer flame of the blowpipe, the salts of manganese 
form beads of an amethyst purple colour, which is due to 
the formation of the red oxide (MUjO J. K the mixture be 
heated in the inner flame, the colour disappears^ owing to 
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the reconversion of the red oxide into protoxide (MnO) : 
this loss of colour takes place most readily with microcos- 
mic salt. 

SECTION V. 

Protoxide of Iron (FeO). 



A solution of protosulphate of iron {FeOySO^'\-*7Aq) 

may be used. 

269. On account of the strong tendency of the protoxide 
of iron to absorb oxygen on exposure to the air, and become 
sesquioxide, especially in aqueous solutions of its salts, it 
is difficult to retain the protosalts in solution without some 
admixture of sesquioxide ; so that in testing them, the in- 
dications of some of the reagents are frequently more or 
less different from those caused by a pm'e protosalt. If 
the solution of a protosalt be boiled with mtric acid, the 
protoxide is wholly converted into peroxide. 6 FeO-^NO^ 
=3 i^e^O.+NO-. 

270. Mydromlphuric add (HS) produces no precipitate 
in acidified solutions of protoxide of iron : a sHght precipita- 
tion of sulphide CFcS) takes place, however, in neutral solu- 
tions of some 01 its salts, especially when the acid with 
which it is in combination is a feeble one. 

271. Hydrosvlphate of aTnmonia {NH^S^S) when added 
to neutrsJ solutions oi protoxide of iron, throws down a 
black precipitate of sulphide (FeS), which is insoluble in 
excess 

FeOySO,+JSrff,S^S+ff(h=FdS-{-J!^H,0,SO^+ HS. 

272. (C) Anmumia (NH^) gives a precipitate of hydrated 

Erotoxide of iron (FeO,HO) which is at first nearly white, 
ut almost immediately becomes greenish. If this precipi- 
tate be exposed to the air, it absorbs oxygen, and is changed 
into hydrated sesquioxide or peroxide (Fefi^diRO) which 
has a reddish brown or rust colour. Muriate and some other 
salts of ammonia, prevent the precipitation of the pro- 
toxide by ammonia, forming a solution of a double salt of 
ammonia and iron, from which the hydrated peroxide is 
gradually precipitated if exposed to the air. 

273. Potash (KO) behaves as ammonia. 

G 
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274. Carbonate of potash iKO,CO^) produces a precipitate 
of carbonate of iron (FeO,CO«^ which is similar in appear- 
ance to the hydrated protoxioe (272). 

276. (C) F&rrocyanide of potassium {K^FeCy^-\-ZAq)* 
throws down in solutions oi protoxide of iron,* a precipitate 
(KFe32FeCy3) which is at first aknost white, but rapidly 
changes to pale blue ; the colour becomes darker on expo- 
siu:e to the air, owing to the absorption of oxygen, which 
combines with the potassium and a portion of the iron, 
forming at the same time prussian blue (Fe^SFeCyg) (282). 
This change takes almost immediately if a little nitric acid 
or chloride of lime be added to the mixture. 

276. (C) Ferridcyamde of potassium {K^yFe.jCy^'\' pro- 
duces in solutions of the protosalts of iron, a beautiftil dark 
blue precipitate, similar in appearance to prussian blue, con- 
sistingof ferridcyanide of iron (FcajFejCyg). 

277. When heated with borax before the blowpipe, salts 
of iron form beads which in the oxidizing flame become 
orange, and in the reducing flame green ; the colour being 
due to the iron in a higher or lower state of oxidation. 



SECTION VI. 

Peroxide or Sesquioadde of Iron (Fe^ O3). 



A solution of the perchloride of iron {Fe./Jl^ may be used. 

278. HydrosuLphuriG acid (HS) causes in neutral or 
acidified solutions of the persalts of iron, a sUght preci- 
pitation of sulphur, which gives the solution a milky ap- 
pearance. This is owing to the decomposition of the 
hydrosulphuric acid by the peroxide of iron, the hydrogen 
combining with a portion of its oxygen, reducing it 
to the state of protoxide, while the liberated sulphur is 
precipitated in a finely divided state. 

Fe^0,,3S0, + H S =2 (FeO^O,) -^HOySO^ -f S. 

• Ferrocyanogen (PeCys) which is here combined with potassium, is a hypo- 
thetical radical composed of iron in a peculiar state of combination with cyano- 
gen (C2N). See Davull's Chemical PhUoaophy, p. 657. 

t Ibid. p. 668. 
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279. Hyd/romlphcae of ammonia {NH^SyHS) separates 
the whole of the iron from solutions of its persedts, as the 
black sulphide (FeS), the same compound as that produced 
in the protosalts. The peroxide {Fefi^ is in fact firat 
converted into the protoxide {FeO) by the deoxidizing 
affinity of the hydrogen and sulphur in the hydrosulphate, 
so that the subsequent change is the same as that produced 
in the protosulphate (271). If the solution of iron is very 
dilute, no precipitate appears at first, but the solution be- 
comes green, and if allowed to stand a considerable time, 
the sulphide gradually separates. 

280. (C) Ammonia (NH^ throws down the hvdrated 

Seroxide of iron (FejOjpSHO), in the form of a bulky red- 
ish brown precipitate, which is insoluble in an excess of 
ammonia, and is unaffected by the presence of ammoniacal 
salts. 

281. Potash {KG) produces the same precipitate (^^fi^^ 
3H0), which is insoluble in excess. 

282. (C) Ferrocyanide of potassium {KJ^eCyA-^A^* 
produces in solutions of the persalts of iron a beautiful 
precipitate of sesquiferrocyanide of iron, or prussian blue 
(Fe,3FeCy3). 

3(irj^e(7y3)-h2jFe,(7^3=Fe^3FeCy3-|-6JE'(7^. 

This is an extremely delicate and characteristic test for 
the persalts of iron, as the precipitate is produced even in 
very dilute solutions. 

283. Ferrid(^anide of potassium {K^e^Cy^ produces no 
precipitate witn persalts of iron ; it gives, however, a deep 
green colour to tne solution. 

284. When heated before the blowpipe, the persalts of 
iron exhibit the same appearances as those of the pro- 
toxide (277), on account of the facility with which the two 
oxides become converted into one another, according as 
they are placed in the oxidizing or reducing flame. 

* In testing for iron with ferrocyanide of potassium, it must be borne in 
mind that when added to a solution containing much free acid, it is partially 
decomposed, and a little prussian blue is formed, even when no iron is present. 
As the presence of free alkalies also interferes with the formation of the blue 
precipitate, solutions to be tested with it should be as nearly neutral as possible. 
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SEcmox vn. 
Oxide of Nickd (^iO), 



A solution of the sulphate of nickel {M0,S0^-{-7Aq) may 

be used. 



285. Hydromlphuric add (HS) causes no precipitate in 
acidified solutions of nickel ; but if the solution is neutral, 
especially if the acid of the salt be a feeble one, a partial 
precipitation of sulphide of nickel (NiS^ takes place. 

286. Hydromiphate of wmmwnia (jYH^SyHS) throws 
down, from neutral solutions, a black precipitate of sul- 
phide (NiS) which is very slightly soluble in excess, giving 
a brownish tint to the solution, 

287. (C) Ammonia (i^jBg) causes a pale green precipi- 
tate of nydrated protoxide of nickel (NiO,HO) which re- 
dissolves when the ammonia is added in excess, owing to 
the formation of a double salt of ammonia and nickel 
{NHfiyNiO,'2,SO^ which is soluble in water. If potash 
{KO) be added to the ammoniacal solution, it reprecipi- 
tates the hydrated protoxide of nickel. The presence of 
ammoniacal salts in the nickel solution prevents the preci- 
pitation by anmionia. 

288. Potash (KO) also throws down the hydrated oxide 
of nickel (NiO,HO), which is insoluble in an excess of 
potash. 

289. Carbonate of potash {KO,CO^ gives a precipitate of 
carbonate of nickel (NiOyCOj), togetner with a httle hy- 
drated oxide, insoluble in excess. 

290. Carbonate of ammonia {%NHfi,^CO^ produces the 
same precipitate, which redissolves in excess. 

291. (C) Cyanide of potasdvm {KCy)* throws down a 
precipitate of cyanide of nickel (NiCy), which has a yel- 
lowish green colour : it redissolves in an excess of the 
alkaline cyanide, forming a dull yellow solution of the 
double cyanide of nickel and potassium {NiCyyKCy), from 
which the cyanide of nickel is again precipitated on the 
addition of dilute sulphuric or hydrochloric acid. If the 

* Cyanogen (Cy) which is here combined with potassium, is a componnd of 
carbon and nitrogen (CaU).— See Dahibll's Chemical Philoaophy, p. 365. 
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add mixture be boiled, the precipitate again dissolves, 
forming a solution of sulphate or chloride of nickel 

292. (C) When heated with carbonate of soda (NaOjCO^) 
or borax (NaO,2B03-hlOAq) in the inner flame of the 
blowpipe, the compounds of nickel are reduced to the 
metallic state, forming grey-coloured beads, owing to the 
minutely-divided metal being held in suspension by the 
melted flux : if the latter be dissolved out with water, the 
precipitated metal will be found to be magnetic. In the 
outer flame with borax, the colour of the bead is usually 
violet while hot, becoming brown or yellow on cooling. 
With microcosmic salt, the bead is reddish while hot, but 
loses the colour more or less entirely when cold. 



SECTION vm. 
Oxide of Cobalt (CoO). 



A solution of the nitrate (CoOy^Oi^-^6Aq) or chloride {CoCl) 

may be used. 



293. Hydrosvlphwric add (H S) gives in acidified solutions 
no precipitate. K the solution is neutral, a slight precipi- 
tation of the black sulphide of cobalt (CoS) takes place. 

294. Hydrosvlphaie of ammonia (Nh^SJS^ tlu-ows down 
firom neutral solutions, a copious black precipitate of the 
sulphide (CoS), which is insoluble in excess, and also in 
hydrochloric acid. 

2CoCl-^J^ff^SyHS:^2Cd8+JVir,Cl+ffCL 

296. (C) Potash (KO) throws down a precipitate of a 
blue colour, consisting of basic salts of cobalt, which soon 
becomes greenish if exposed to the air, owing to the ab- 
sorption of oxycen ; and lastly, especially if the solution be 
boiled, dir^ red, owing to the formation of hydrated oxide 
of cobalt (CoO,HO). The precipitate is insoluble in excess 
of potash. 

296. (C) Ammonia {NH^ behaves as potash, but the 
precipitate readily redissolves in an excess, forming double 
salts of cobalt and ammonia, which are soluble in water. 
If the ammoniacal solution is exposed to the air, it gra- 
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dually becomes darker, owing to the absorption of oxygen, 
and K)rmation of peroxide of cobalt {CoJ)^. 

297. CarhoncUeof potash (irO,(70j)proaucesapalepinkpre- 
cipitate, which is a mixture of carl>onate of cobsut (CoO,00,) 
and hydrated oxide (CoO,HO). 

298. (C) Cyanide of potassitmi {KC^) when added to a 
solution of cobalt, especially when a shght excess of hydro- 
chloric acid is present, gives a pale brown precipitate of 
cyanide of cobalt (CoCy), which when heated with an ex- 
cess of cvanide of pnotassium readilv redissolves, forming a 
soluble double cyanide of cobalt and potassium {K^Co^Cy^, 
The addition of sulphuric acid causes no precipitate in 
this solution (291). 

299. (C) The compovmds of cobalt, when fused with 
borax (]NaO,2BO3+10Aq), either in the inner or outer flame 
of the blowpipe, form beads of an intense blue colour, or 
if there is much cobalt present, nearly black ; this appear- 
ance is very characteristic. Microcosmic salt acts with 
cobalt in a similar manner, but in a less marked degree. 
When mixed with carbonate of soda, and heated on char- 
coal in the deoxidizing flame, oxide of cobalt is reduced to 
the metallic state, forming a magnetic powder. 



CHAPTER V. 

METAIB EELONGma TO CLASS IV. 

ArseniCy (of which there are two oxides, both having acid 
jyroperties; Tiamdy, a/rsenuyas add and arsenic a>cia,J ox- 
ide of antimony, protoxide of mercury, peroxide of mer- 
cv/ry, oxide of lead, oxide of copper, oxide of silver, pro- 
toxide of tin, peroxide of tin, and oxide of bismuth, 

300. These metals are distinguished from those of the 
three preceding classes, by being precipitated from their 
acidified solutions when treated with hydrosulphuric acid. 
It is remarkable that nearly all the metals whose com- 



ARSENIC. 87 

pounds are most eminently poisonous, belong to this class ; 
and as these are the most important, especially to the 
medical student, they are placed first, and described in the 
order of their importance. The oxides of arsenic, though 
possessing acid properties, and consequently belon^g 
strictly to the chapter on acids, have so many peculiarities 
in common with this class of oxides that I nave included 
them in it. 

SECTION I. 

Arsenious add or oxide of arsenic (AsOj). 

301. (C) If a small fragment of arsenious acid* be 
heated on charcoal before tne blowpipe, it is wholly volati- 
lized, and a smell of garlic will generally be perceptible, 
especially when it is subjected to the reducing flame. 
Both metallic arsenic and its oxide are volatile when heated, 
but the fiimes of the latter have no smell. The odour of 
arsenic vapour appears to be due to the metal while un- 
dergoing oxidation, and may be caused perhaps by the 
formation of a lower oxide than the arsenious acid ; it is 
always observable when metallic arsenic is volatilised in 
contact with the air. 

302. (C) Place a fragment || <J 

of arsenious acid in a narrow «^ t^fli /-^ 

tube (102.), and applv a ^n- ^ ^ \^^ 

tie heat with the blowpipe. w^ yjL ^^ 

It sublimes without decom- ^^ ^^y ^B ^ 

position, and condenses in the ^^ ^^ ■■ W^ 

cool part of the tube, in the ^^^^^^^^^ ^h /\ 

form of minute sparkling ^^ t^i- ^W ^J: — ^^ 

octohedral crystals, which ^k ^^^^ ^^ 

should be examined with a \|^ w^ P> ^^ 

lens, as they are highly cha- n (^^ ^^ 

racteristic. ^ 

* On acoonnt of the highly poiBonons nature of arsenic, great care should be 
taken in these experiments not to use more than is absolutely necessary to ex- 
hibit its peculiarities. In all these experiments (except those of solution) a 
fragment the size of a small pin's head is quite sufficient. There is also another 
advantage in using such small quantities; namely, that in most medico-legal in- 
yestigations, the quantity to be looked for is equally or even more minute, and 
it is consequently very important that the student should make himself fitmiliar 
with the appearances which would under these circumstances present them- 
■eWee. 
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303. (C) Mix a little oxide of arsenic (AsOg) with 
black flux (780.), which if at all damp should 
be previously dried on the sandbath, and 
heat a little of the mixture in a clean tube 
before the blowpipe. The arsenious acid is 
deoxidized by the carbon of the flux, and the 
metallic arsenic thus reduced sublimes, and 
condenses in the upper part of the tube, 
forming a more or less brilliant metallic 
crust, a. As03+3C=As+3CO. 

If heat be now applied to the sublimate, 
it will again volatilize, and if any of the vapour 
escapes from the tube, it may be recognised by its chara,c- 
teristic odour of garUc. 

304. (C) Cut off by means of a file, the portion of the 
tube containing the crust, break it into fragments, and 

Elace some of them in another tube. Sublime the arsenic 
ackwards and forwards two or three times in the tube, 
and observe the gradual conversion of the metal into crys- 
taUine arsenious acid, which is formed by the action of the 
atmospheric oxygen contained in the tube. 

305. Boil a few grains of arsenious acid with water, (in 
which it is sparingly soluble,) in a flask : filter the solution 
from the undissolved portion, and retain it for testing, 

306. Repeat the last experiment, with the addition of a 
few drops of solution of potash {KG) to the water, and ob- 
serve the increased soluoiUty of the arsenic, owing to the 
formation of arsenite of potash (KOyAsO^. Retain the 
solution for testing. 

307. (C) Jj^rfro«2«Zj9At*rtca(^'ci?(HS) when passed through 
a solution of arsenious acid or of a neutral arsenite, causes 
a slow and gradual precipitation of tersulphide of arsenic, 
or sulpharsenious acid (AsSg), which it will be observed is 
analogous in composition to the oxide (AsOg), three equi- 
valents of sulphur being substituted for three equivalents 
of oxygen. ^«03-|-3HS=AsS3+3^a 

If the solution be acidified however with a few drops of 
hydrochloric acid, a much more rapid and complete de- 
composition takes place ; and if the gas be passed through 
the solution for some time, a complete separation of the 
arsenic may in this way be effected. The sulphide of ar- 
senic thus formed has a bright hght yeUow colour ; it is in- 
soluble or nearly so in dilute hydrochloric acid, but readily 
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soluble in solutions of the alkalies or their carbonates. 
Boiling nitric acid {^0^) also dissolves it with decomposi- 
tion, forming sulphuric and arsenic acids. 

AsS3-f5i\r0,==^«(>3+3>S'03+6NO2. 

308. (C) Filter the yellow sulphide formed in the last 
experiment, and dry a portion of it at a gentle heat on the 
sandbath : mix a little of it with black flux (303), heat it 
in a tube, and observe the formation of a metaUic crust of 
arsenic. AsS3+3(KO,C02)-f2C=As+3KS+4COa+CO. 

309. Jffi/drosulpficUe of ammonia {^If^SyllS),] when 
added to a neutral solution of an arsenite, also causes the 
formation of the yellow sulphide (AsSg), which however 
does not precipitate, but remaios dissolved as the double 
sulphide of arsenic and ammonium {NH^S^AsSX If an 
acid be sidded in excess to the mixture, the sulphide of 
arsenic is immediately precipitated, of a somewhat lighter 
colour than that thrown down by hydrosulphuric acid, 
owing to the admixture of a little sulphur derived from 
the hydrosulphate of ammonia (440). 

310. (C) titrate {AaOyNO^ or amrnxmio-nitrate {AgO, 
^NH^O^ of silver, tnrow down in neutral solutions of 
arsenic, a canarv coloured precipitate of arsenite of silver 
(2AgOyAj803), which is soluble both in ammonia and nitric 
add. It must be remembered that phosphate of soda also 
produces, with nitrate of silver, a similar precipitate, which 
is equally soluble in nitric acid and ammonia (378). 

311. (C) Sulphate (CuOySO^), or ammonio-svlphate 
{ChiO,2NH^OySO^ of copper, produce in neutral arsenical 
solutions, a delicate green precipitate of arsenite of copper 
(2CuO,As03), which is readily soluble both in ammonia and 
nitric acid. It must be borne in mind in employing this 
test, that a similar precipitate is produced when the solu- 
tion of copper is added to a liquid containing decoction of 
onions ana some other vegetable substances, though no 
arsenic may be present. 

Marshes Test, 

312. (C) It is well known that when zinc is treated with 
dilute sulphuric acid, it is oxidized at the expense of the 
oxygen of the water, and hydrogen gas is given off (12). 
If in addition to the zinc and dilute sulphuric acid, either 
of the oxides of arsenic are present, the zinc abstracts 
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oxygen from them as well as from the water, and the me- 
tallic arsenic thus formed, combines, at the moment of 
its liberation, with some of the hydrogen simultaneously 
produced, and forms a gaseous compound called arsenivr- 
retted hydrogen (AsHj), which passes off mixed with tiie 
excess of hydrogen * 

^«03-f6Zn-j-6(jyO,/^03)=6(Z^O,/S'03)H-AsH3-f-3^0. 

Now if this arseniuretted hydrogen is heated strongly, 
either by burning in the air, or by passing through a red- 
hot tube, it is decomposed, and metallic arsenic or its oxide 
is deposited in the solid state, while the liberated hydrogen 
passes off. 

313. Several forms of apparatus have been contrived for 
making use of this property in the detection of arsenic : 
of these the following is in practice the most convenient. 
The bottle a should be capable of containing six or 

eight oimces of water, 
and is connected by 
means of a perforated 
cork with the tubes 
b and c, which should 
be about half an inch 
in diameter: to the 
latter is attached, by 
means of a cork, the 
tube d, which should 
be made of hard Ger- 
man glass, bent at a 
right angle, having the 
end e drawn off so as 
to diminish the aper- 
ture. A iew fragments of zinc are placed in the bottle, and 
when the cork with its tubes is attached, pour a little dilute 
sulphuric acid down the tube 6, which should reach nearly 
to the bottom of the bottle, and allow the gas (hydrogen) to 
be given off for five minutes.t Then heat the narrow tube 
with a spirit lamp at the point d, and observe carefully 

* It must be borne in mind that this gas, like most of the other eomiMiiiids 
of arsenic, is highly poisonous, so that the experiment should never be per- 
formed in a close room, but in the open air or in a 'well-yentilated apartment. 

t The reason -why it is not safe to apply the heat at once, is that a mixtxire 
of hydrogen and common air is highly explosiye (17 ), so that it is neoessaiy to 
allo-w time for the whole of the common air to be expelled by the hydrogen, as 
otherwise serious injury might be caused by an explosion of the mixed gaaes. 
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whether there is any deposit produced inside the tube : 
this precaution is necessary, since some kinds of sulphuric 
add, and also of zinc, contain traces of arsenic. If no stain 
is produced, it maj be assumed that the materials are pvire. 

314. The solution containing (or suspected to contain) 
arsenic, is now introduced through the tube 6, the heat 
being stiU applied to the narrow tube at d^ as before. If 
arsenic is present in the hquid, it wiQ cause the formation 
of arseniuretted hydrogen, which, on passing through the 
heated tube is decomposed, and the arsenic deposit^ not 
exactly at the heated point, but a quarter or half an inch 
beyond, in consequence of its volatihty. The metallic crust 
thus formed may be volatilized backwards and forwards in 
the tube by heating it with the flame of a spirit lamp. 

315. (C) The arsenical crust may also be obtained in 
another way ; namely, by Hghting the jet of gas as it issues 
from the aperture 6, and holding in the flame a small 
porcelain plate, (for which purpose the M of a porcelain 
crucible answers extremely wdl,) when the metallic ar- 
senic win be deposited in the form of a dark shining spot : 
if the porcelain plate be raised a Httle, so as to be out of 
the flame, the arsenic in the state of vapour becomes ox- 
idized while passing through the air, and a white deposit of 
arsenious acid is formed on the plate. By applying heat 
to the dark spots, they are readily volatilized, and the fumes 
will be found to have the characteristic odour of garlic. 

A few of these spots should be retained for further exami- 
nation, and for comparison with those of antimony (320). 

316. Hold a short 
test-tube with the 
mouth downwards, 
just above the apex 
of the flame for a 
few moments, so as 
to coUect some of 
the arsenious acid 
formed by the ox- 
idation of the ar- 
senic vapour, and re- 
serve the tube for 
comparison with an- 
timony (323). 

317. Marsh's test as just described is so extremely de- 
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licate, that it is capable of detecting arsenic in a solution 
containing the miluonth of its weight of the acid, and may- 
be considered the most conclusive test which we possess. 
It is however liable to this objection, which is, in practice, 
easily overcome. It is found that antimony, when present 
in a mixture of zinc and dilute siilphuric acid, combines 
with the Uberated hydrogen, precisely in the same way as 
arsenic, forming an analogous compound called antimo- 
niuretted hydrogen (SbHj), which, when heated, is de- 
composed, and the metallic antimony is at the same time 
deposited. Hence it is extremely important that we should 
be able to distinguish accurately between them, as other- 
wise we should not be sure whether the crust produced by 
Marsh's test were due to arsenic or antimony. One or two 
experiments are generally sufficient to enable us to do this. 

318. For the purpose of comparison, empty the zinc and 
sulphuric acid from the bottle used for the arsenic experi- 
ments (313), and substitute fresh zinc and acid. When 
the gas has been coming off about five minutes (Note to 
313), pour in a few drops of a solution of the double tar- 
trate of antimony and potash, {KO^ShO^fi^fi^Q-^-^Aq^ 
and apply heat as before at the point d. A crust of anti- 
mony wiU be deposited <U the heated point, and not, as in 
the case of arsenic, at a Httle distance from it ; this is 
owing to the antimony being less volatile than arsenic, 
and it will be found impossible to volatilize it by the heat 
of a common spirit lamp. In this respect, therefore, we 
are enabled in some measure to judge whether the stain is 
due to antimony or arsenic. 

319. Light the jet of gas that issues from the aperture e 
as in (315), and hold over the flame a porcelain plate as 
before : a deposit of metaUic antimony will be formed 
similar to that of arsenic, but blacker ana less shining. 

Prepare a few of these spots for comparison with those 
of arsenic formed in (316). 

320. (C) Apply the heat of a spirit lamp to one of each 
kind of spot, and observe the superior volatiUty of the 
arsenic, and the garlic odour of its vapour. 

321. (C) Moisten one of each kind of spot with hydro- 
sulphate of ammonia {NH^8,HS), which for this purpose 
should contain an excess of sulphur (739), and observe 
that the antimony is immediately dissolved^ while the 
arsenic remains nearly unaffected for a considerable length 
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of time. This is a most valuable means of distinguishing 
between them, and was first observed by Dr. Guy. 

322. (C) If the spots be moistened with a solution of 
chloride of lime (OaOCl), the arsenic will dissolve, while 
the antimony will remain imaffected. 

323. (C) The following may also be taken as a distin- 
guishing test between arsenic and antimony when Marsh's 
process is followed. Light the iet of gas issuing from the 
apparatus, and hold over it a short tube as in (316), so as 
to collect a little of the oxide of antimony (SbOg) formed 
by the oxidation of the antimonial vapour. Compare the 
sublimate thus formed, with that of arsenious acid, and 
observe the more crystalline appearance of the latter. 
When the tube is cold, pour in a little water, and treat 
the arsenious acid in the same way : observe that the latter 
dissolves in the water, while the oxide of antimony re- 
mains insoluble. The solution of arsenious acid may then 
be divided into three portions and tested ; the first with 
hydrostdphuric acid (307) ; the second with ammonio- 
nitrate of silver (310) ; and the third with ammoniosul- 
phate of copper (311). 

These experiments, in conjunction with the other liquid 
tests, will be foimd suflScient to prevent the possibility of 
error in the use of Marsh's test. 

EeinscK's Test, 

324. (C) This test is founded on the circumstance that 
when a metal, such as copper, is heated in a solution of 
another metal more electro-negative than itself, the latter 
is separated in the metallic state, and deposited on the 
surface of the former, which is at the same time dissolved 
in atomic proportion. A little of the solution containing 
arsenic is acidified with a few drops of hydrochloric acid, 
and boiled in a test-tube with a strip or two of clean copper 
foil : the arsenic, being more electro-negative than the cop- 
per, is deposited on the surface of the foil, and the whole 
is in this way separated from the solution. 

^«03+3Cu=As-|-3C7t*a 

325. The appearance of a metallic deposit on the copper 
is not however necessarily a proof of the presence of arsenic, 
since other metals (as bismuth, silver, mercury, or antimony) 
would produce a similar incrustation, being all more elec- 
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tro-positive than copper. Arsenic, however, is readily dis- 
tinguished from any of these in the following manner. 

Take the copper strips out of the solution, and dry them 
cautiously between folds of filtering paper, or with a very 
gentle heat : plswe them in a clean dry test-tube, and apply 
heat, when the arsenic will be volatilized, and, becoming 
oxidized by the air contained in the tube, will form a crys- 
taUine sublimate in the upper part (302). 

Had the deposit on the copper been either of the other 
metals, (with the possible exception of antimony and mer- 
cury) it would not have been volatilized when heated : if 
it were mercury, minute globules of the metal would have 
condensed in the cool part of the tube : and had it been 
antimony a higher degree of heat would have been neces- 
sary to sublime it ; — ^the sublimate would have been white 
and amorphous instead of crystalline ; — and when treated 
with water, would prove insoluble, wMle the arsenious acid 
would dissolve, and the solution on being tested, would 
show the presence of arsenic* 

This excellent test maybe considered almost equal to 
Marsh's, both in point of delicacy and freedom &om sources 
of error. 

Arsenic Add. 

326. Mix a little arsenious acid with nitre (KO,^"©^) and 
heat it in a tube. The nitric acid, of the nitre gives up a 
portion of its oxygen to the arsenic, forming arsenic acid 
(AsOg). 2As03+2N05=2AsO,+N02+NO^. 

Dissolve the fused mass in water, neutralize the solution 
with dilute nitric acid, and test it with nitrate of silver 
(AgOfJVO.) : a reddish brown precipitate of arseniate of 
silver (3AgO,As05) is thrown down, which is soluble in 
nitric acid, and also in ammonia. 

Detection of Arsenic in Organic Mixtures. 

327. In most cases of medico-legal investigation as to 
the presence of arsenic, we have to deal with mixtures 
containing a considerable quantity of organic matter both 

* As the hydrochloric acid of commerce frequently contains traces of arsenic, 
it is always absolutely necessary in medico-legal investigations, to ascertain whe- 
ther the acid employed is perfectly free from it ; this is easily done by boiling a 
little of the acid diluted with distilled water, in a test tube with copper foil, 
which should then be dried and heated in a clean tube, when if arsenic is pre. 
sent it will sublime. 
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liquid and solid, which seriously interferes with the action 
of the tests. Several methods have been employed to get 
rid of these matters, but the following is perhaps the sim- 
plest, and at the same time the most effectual : it is a 
modification of Reinsch's test. 

If the organic mixture suspected to contain arsenic is 
fluid, it is, previous to filtration, boiled for half an hour 
with about one-tenth of its bulk of strong hydrochloric acid, 
the purity of which should of course be ascertained (see 
note to 325), and if necessary, filtered from any solid mat- 
ter. It is then boiled with copper foil, when the arsenic, 
if present, is deposited on the copper, which must be sub- 
sequently heated in a tube according to the directions 
alreadv given (325). 

If tne matter to be examined is solid, it is treated with 
dilute hydrochloric acid containing about one-tenth of the 
strong acid, boiled for half an hour or an hour, filtered if 
necessary, and then boiled with copper as before. 

If the arsenic is present only in very small quantity, a 
quarter of an hour may elapse before the deposition takes 
place ; and if it does not then appear, the boiling should 
be continued half an hour or even longer, before we finally 
conclude that no arsenic is present. 

For further particulars on this subject, the student may 
refer to Dr. CJhristison's Treatise on Poisons, or to Dr. Guy s 
excellent work on Forensic Medicine. 



SEcmoN n. 
Oxide of AntiTnony (SbOg). 



For the liquid tests, a solution of the double tartrate of 
antimony and potash {KO,ShO^,CJIfi^Q-\-^J.q), or of 
Chloride of antimony (SbCl^) in hydrochloric acid, may 
be used. 

328- (C) Heat a small crvstal of the double tartrate in a 
tube, and observe that it decrepitates and blackens, owing 
to the decomposition of the vegetable acid (CgH^Ojo) and 
deposition of charcoal. Ignite the residue, which consists 
of charcoal, carbonate of potash, and oxide of antimony, on 
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charcoal in the deoxidizing flame of the blowpipe, when 
the oxide of antimony will be reduced, and small globules 
of the metal will appear : a portion of the reduced metal 
volatilizes with the heat, becomes reoxidized while passing 
through the outer flame, and the oxide thus produced is 
deposited on the charcoal, either in the form of a white 
powder or in crystalline needles. 

329. (C) When a stream of hydrostdphuric acid (HS) 
is passed through a solution of antimony acidified with a 
little hydrochloric acid, an orange red precipitate of sul- 
phide of antimony (SbSg) is produced, which is soluble in 
alkaline solutions, and difficultly so in hot hydrochloric 
acid. If the solution is neutr^ the precipitation takes 
place but imperfectly, and in alkaline solutions not at alL 

330. Hydrostdpkate of ammonia {NH^&,ffS) when added 
in small quantity, gives an orange precipitate of sulphide 
(SbSg), which re(fissolves in an excess of the hydrosulphate. 
If the alkaline solution thus formed be neutralized with 
an acid, the sulphide is reprecipitated, mixed with a little 
sulphur (309). 

331. Ammonia {^ff^ Potash {KG) or their carbonates, 
throw down from solutions of chloride of antimony {ShCl^, 
but not in solutions of the double tartrate, a white precipi- 
tate of oxide of antimony (SbOg) which is soluble in excess 
of potash, but insoluble or nearly so in the other solutions. 

332. (C) If a solution of chloride of antimony in hydro- 
chloric acid be diluted with a good deal of water, a white 
precipitate of basic oxichloride of antimony (SbClgjSSbOj) 
IS produced, which if allowed to stand for some time, 
becomes crystalline. 

A similar precipitate is formed under the same circum- 
stances in solutions of bismuth (394) : the bismuth pre- 
cipitate may be distinguished by its insolubility in tartaric 
acid (21I0,OqH^0^q), in which the oxichloride of antimony 
is soluble. 

333. A piece of clean zinc or copper causes a precipita- 
tion of antimony in the metallic state (324). 

334. (C) When oxide of antimony is present in a mix- 
ture of zinc and dilute sulphuric acid, the antimony is re- 
duced and combines with the hydrogen, as already described 
in the case of arsenic (312), forming antimoniuretted hy- 
drogen (SbHo), which is decomposed when burnt, or when 
passed through a heated tube, with the formation of a de- 
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posit of metallic antimony. This experiment has already 
been described (318). 

For the methods of distinguishing between antimony 
and arsenic, see (317) to (323). 



SECTION m. 

Protoxide of Mercury (HgO). 



For the first five experiments, calomel (HgCl) may be 
used ; for the rest, a solution of tne protonitrate 
{HgOyNO^ may be taken. 

335. (C) Heat a small fragment of calomel (not larger 
than 'a small pin's head) in a clean tube. It becomes pale 
yellow, and, bemg volatile, it subHmes and condenses in the 
upper part of the tube ; on cooling, the colour disappears. 

336. (C) Dry a small piece of carbonate of soda 
(NaO,C02) either in a tube or on a piece of charcoal ; mix 
with it a httle calomel, and put the mixture into a tube 
a; then cover it with a layer of carbonate of 
soda in powder, about a quarter of an inch 
deep, 6, and apply heat. The calomel is de- 
composed, and minute globules of metaUic 
mercury condense in the cool part of the tube 

** ^' Hga-i-NaO,C02=NaCl-h5^+ + C 0^. 

337. Boil a little calomel with distilled water 
in a test-tube ; pour off the water into another 
tube, and test it with hydrosulphate of am- 
monia (340) ; no effect is produced, proving that 
the calomel is insoluble in water. 

338. (C) Potash {KG) or ammonia {NH^ poured on the 
calomel, aecomposes it, turning it black, owing to the 
formation of the protoxide (HgO). Chloride of potassium 
(KG I) is at the same time formed. 

Hga -his:o=HgO -hira 

339. (C) Boil a httle calomel in fine powder with a solu- 
tion of protocMoride of tin (SnCl) : after some httle time 
the mercury is reducea to tne metaUic state, owing to the 
strong afl&nity which the protochloride of tin has for an 

H 
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additional equivalent of chlorine, which converts it into 
the bichloride {SnCl^). RgC[+SnGl=Hg-{'JSnCl^. 

340. (C) When a solution, either neutral or acid, con- 
taining protoxide of mercury, is treated with Kydro^ul- 
phuric add (H S) or hydrosvlphcUe of ammonia {NuSflS\ 
a black precipitate of protosulphide of mercury (H^) is 
thrown down, which is insoluble in dilute acids and also 
in excess of the hydrosulphate : it is soluble, however in 
aquaregia. EgO,NO^'^^^r=&'^^EOJ^O^. 

K the precipitate, after being dried, be heated alone in 
a tube, it is decomposed into metallic mercury and the 
persulphide (HgSj). 2HgS=HgSj-hi2;^. 

341. Amm^mia (iVJ?,) gives a black precipitate, con- 
sisting of a basic double salt of mercury and ammonia 
(NHjySHgOjNOj), which is insoluble in excess. 

342. Potash {KG) produces a black precipitate of pro- 
toxide of mercury (HgO), which is insoluble in excess. 

HgOyNO,-\-KO='R^ -^-KOyNO^. 

343. (C) Hydrochloric acid (HGl), or a solution of chlo- 
ride of sodium {NaGl\ throws down a white precipitate of 
protochloride (calomel, HgCl) which is insoluble in excess. 

HgGyl!^G^-\-NaGl=B.^'\'NaG,NGy 

344. (C) Place a strip of clean copper in the mercurial 
solution, and observe the deposition of metallic mercury 
(324). HgG.NG.+CvL^ffg'^GuG^NG,. 

K the stain be rubbed, it will become bright and silvery. 
Dry the stained copper, place it in a drv tube, and apply 
heat : the mercury sublimes, and condenses in minute 
globules in the upper part of the tube. 



SECTION rv. 
Peroxide of Mercury (HgO^. 



The perchloride of mercury or corrosive sublimate (HgCl,), 
either solid or in solution, may be used. 

345. (C) Heat a small fragment of the perchloride in a 
tube : it fuses, boils, and sublimes into the upper part of 
the tube. If the experiment be made on charcoal, the 
whole is volatilized. 
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346. (C) Bepeat the experiment described in (336) 
using the percmoride instead of calomel ; metallic mercury 
sublimes in both cases. 

347. Boil a little with water, in which it readily dis- 
solves, thus differing from the protochloride. 

348. (C) Test a solution of the perchloride with a small 
quanti^ of hyd/rosulphuric acid (H S ). A white precipitate 
is first formed, which on the addition of more of the precipi- 
tant, gradu£dly becomes darker, and ultimately black. This 
chanffe of colour is owing to the formation first of a 
double compound of sulphide and chloride of mercuiy 
(2HgSa,HgCIy), which is white ; and when the hydrosul- 
phuric acid is added in excess, the whole of the mercury 
IS converted into the black persulphide (HgSj). The pre- 
cipitate is insoluble in hydrochloric and nitric acids, but is 
r^dHv decomposed by Va regla, and again coAverted 
into the perchloride. 

If the persulphide be dried and cautiously sublimed 
in a tube, it is deposited, without decomposition, in the 
form of dark red crystals of cinnabar. 

349. (C) HkfdrosiUphcUe of ammonia (^HJS,HS) be- 
haves in the same w^ as hydrosulphuric acid. 

350. Ammonia {NH^ throws down a white precipitate, 
which consists of a double compound of perchlorioe and 
amidide of mercury (HgCl3,Hg2NH3).* 

351. (C) Potash {KG) gives a yeUow precipitate of 
hydrated peroxide of mercury (Hg03,3H0) which is in- 
soluble in excess. If ammonia(kl salts are present, the 
precipitate formed by potash is white, and consists of 
the same compound as that thrown down by ammonia 
(350). 

352. (C) When protochloride of tin (SnCl) is added in 
small quantity, the perchloride is reduced to the state of pro- 
tochloride (IleCl), which separates as a white precipitate. 
If the salt of tin be added in excess, and the mixture 
boiled, the mercury is reduced to the metallic state (339). 

ffgCl^+2SnCl=iHg'^2SnCl^, 

353. (C) Iodide of potamvm (KI) causes a most beau- 
tiful red precipitate of periodide of mercury (Hglj) which 

* llie amidides are compoimdB of a metal with amidogen, which is a hypo- 
thetical salt radical, supposed to consist of NHq : it has, howeyer, never been 
obtained in an insulated form. See Daniell's Chem. Fhilos. p. 671. 
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surpasses even vermilion in brilliancy of colour. It is 
readily soluble in an excess of either or the solutions. 

354. (C) A strip of clean metallic copper precipitates 
mercury in the metallic state (344). 

355. Heat a small fragment of the red peroxide of mer- 
cury (HgOj) gently in a small tube, and observe that it 
becomes much darker in colour when hot, and reassmnes 
its former tint on cooling. If the heat be increased to a 
little below redness, the oxide is decomposed into metallic 
mercury and oxygen, when the metal condenses in minute 
globules in the cool part of the tube, and the oxygen may 
be detected by introducing a glowing match (109). 



SECTION V. 

Oxide of Lead (PbO). 



A solution of the acetate CPbOyC^ff^O^+SAq) or the 
nitrate (PhOyNO^ m&j be used. 

356. (C) When a fragment of any of the salts of lead 
(except the phosphate (412)) is heated on charcoal in the 
inner flame of the blowpipe, a globule of metallic lead is 
formed, which is usually surrounded by a Httle deposit of 
the yellow oxide (PbO). The metallic globule will be foimd 
to be soft and malleable. In the oxidizing flame, oxide of 
lead forms with borax and microcosmic salt, yellowish 
beads, which become nearly colourless on cooling. 

357. Hyd/ro9vZphuric add (HS) throws down in solu- 
tions containing lead, either neutral or slightly acidified, 
a dense black precipitate of sulphide of lead (PbS).* 

P60,iV^0,-|-HS=PbS+^0,A^0,. 

358. Hyd/rosvlphaZe of ammonia {NH^SySS) produces 
the same efiect. 

359. Ammonia (NH^ and Potash {KG) throw down 
white precipitates, consisting of oxide of lead in combina- 
tion with a small quantity of add (basic salts). 

* Under some peculiar circumstances, this reagent throws down a red pre- 
cipitate in solutions of lead (see 865). 
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Ammonia produces scarcely any precipitate in a solution 
of acetate of lead, owing to the formation of the sub- 
acetate (SFbOfC^ff^O^), which is soluble. 

360. Carbonate of potash (KO,CO^) gives a white preci- 
pitate of carbonate of lead (PbOjCOj), which is insoluble in 
excess. 

361. (C) SvlphvHc acid (HO^O^y or a solution of svl- 
phate of soda {NaOySO^, produces a white precipitate of 
sulphate of lead (PbO^Og) which is insoluble or nearly so 
in acids, but soluble in potash, and also in acetate of am- 
monia (NHfifi^H^O;}, 

PhOyl^O^-\-NaO^O^^VhO^O^+NaOyNO,. 

If the precipitate be moistened with solution of hydro- 
sulphuric acid or hydrosulphate of ammonia, it is instantly 
blackened, owing to the formation of sulphide of leaa 
(PbS) : it is distinguished in this way from the insoluble 
sulphates of baryta and strontia. 

362 (C) Hydrochloric a/dd {HCl), or a solution of 
chloride of aodiwm {NaCV), throws down a white and often 
crystalline precipitate of chloride of lead (PbCl). If the 
solution with the precipitate be boiled, a portion of the 
chloride dissolves, and is deposited again on cooling, in the 
form of needle-shaped crystals. If the solution of lead is 
dilute, the chloride does not precipitate, as it is somewhat 
soluble in water. 

PhOyNO,-\'HCl=Vha^HOyNO,, 

The chloride of lead is unaffected by an excess of ammonia. 

363. (C) Chromate of potash {KOfirO^ gives a fine yel- 
low precipitate of chromate of lead (PbOjCrOg), which is 
insoluble in dilute acids, but soluble in potash. This sub- 
stance is the base of the pigment known in commerce as 
chrome yellow. 

364. fc) Iodide of potassium, {KT) also gives a beau- 
tifial yellow precipitate of iodide of lead (Pbl), which is 
rather lighter in tint than the chromate. If the iodide 
thus formed be boiled with water, it dissolves, and again 
separates on cooling in the form of brilliant crystalline 
scales, which are extremely beautiful. 

365. If a solution of nitrate of lead be precipitated with 
hydrochloric add, and the filtered solution treated with 
hyd/rosyJl/phwric add gas (HS), instead of the black sul- 
pnide usually formed by that reagent in solutions of lead 
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(357), there is produced a red precipitate, which is a chloro- 
sulphide (3PbS,2Pba). If the gas be passed through the 
solution for a length of time, however, the red compound 
gradually disappears, and the black sulphide (PbS) is 
formed. 
366. (C) All the precipitates formed in the foregoing ex- 

Eeriments, when dried, and heated on charcoal in the inner 
ame of the blowpipe, are decomposed, and give beads of 
metallic lead (356). 



SEOnON VL 

Oodde of copper (CuO). 



A solution of sulphate of copper {CuO^O^-^&Aq) may be 

used. 



367. (C) Heated on charcoal in the deoxidizing flame of 
the blowpipe, especially if mixed with carbonate of soda, 
the salts of copper are reduced, and a malleable bead of the 
metal is obtained, the peculiar colour of which may be seen 
on scraping off the thin coating of oxide (CuO), with which 
it is surroimded. In the oxidiziag flame with borax or 
microcosmic salt, oxide of copper forms beads which are 
green while hot, becoming blue on cooHng. 

368. Hydro8ulphuriG add (HS) and hydrosvlphate of 
ammonia {NH^yHS) throw down a blacK precipitate of 
sulphide of copper (CuS) from solutions of copper salts, 
whether neutral, acid, or alkaline. 

(7wO,AS'03+HS=CuS+irO,/S'03. 

369. (C) Ammonia {NH^ when added in small quan- 
tity, throws down a pale blue precipitate, consisting of a 
basic salt of copper, which immediately redissolves when 
the ammonia is added in excess ; the solution thus formed 
has a beautiful deep blue colour, owing to the formation of 
the ammonio-sulphate of copper ^2NH3,HO,CuO,S03). 

370. (C) Potash {KG) proauces m coM solutions of cop- 
er, a pale blue precipitate of hydrated oxide (CuO,HO). 

the mixture be boiled, or if the potash be added to a 
hot solution, the precipitate becomes black, owing to the 
decomposition of the hydrated oxide at a temperature of 



If 
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212°, and formation of the anhydrous black oxide (CuO). 
The potash must for this purpose be added slightly in ex- 
cess, as otherwise the precipitate would consist of basic salt. 

371. (C) Ferrocyamde of potasdvm {K^jFeCif^-^-SAq) 
gives, even in very dilute solutions, a mahogany-coloured 
precipitate of ferrocyanide of copper {Oa^S^^) which is 
msoluble in dilute acids. 

372. (C) A piece of clean iron, when placed in a solution 
containing copper, causes a precipitation of metallic* copper 
on its surface (324). 

CuO,SO^+Fe=zCvi-\-FeO,SOy 
This is an extremely delicate test, and by this means the 
whole of the copper may be removed jfrom a liquid, espe- 
cially if a slight excess of acid is present. 



SEGHON VIL 

Oande of Silver (AgO). 



A solution of nitrate of silver {AgOyNO^ may be used. 

373. (C) Most of the salts of silver when exposed to 
light, especially when in contact with organic matter, 
gradually become more or less purple, and eventually 
nearly black, owine to partial decomposition. 

374. (C) When heated on charcoal before the blowpipe, 
all the salts of silver are easily reduced, and a brilliant 
white bead of metallic silver is formed. In the oxidizing 
flame, oxide of silver gives with borax an opaque white 
bead ; with microcosmic salt, the bead is yellowish by day- 
light, and red by candlelight. 

375. Hydromiphuric add (HS) and hydrosvlpkate of 
a/mmonia {NH^SyHS) throw down a blacK precipitate of 
sulphide of silver (AgS) which is insoluble in dilute acids, 
but soluble in boiling nitric acid. 

376. (C) Ammonia (NH^ gives a brown precipitate of 
oxide of silver (AgO) whicn is readily soluble in excess of 
ammonia. 

Potash {KG) also produces the same precipitate, which 
is insoluble in excess. 

377. (C) Hydrochloric add {HCl) or a solution of chto- 
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ride of sodium {NaCI) produoe in solutions of silver a 
white curdy precipitate of chloride of silver (AgCl), which 
is insoluble in water and in nitric acid, but readily soluble 
in ammonia, and very sparingly so in an excess either of 
hydrochloric acid or chloride of sodium. 

AgO^O^+NaCl=zA!^-\-NaOJ^O^. 

If the ammoniacal solution be neutralized with nitric 
acid, the chloride is reprecipitated. 

378. (C) Phosphate of Soda (2]^aOyEO,PO.-]-24Aq) 
throws down a pale yellow precipitate of tribasic phosphate 
of silver (3AgO,P05), which is soluble both in nitric acid 
and in ammonia. 



SECTION vm. 



Protoxide of Tin (SnO). 



A solution of protochloride of tin (SnCl) may be used. 

379. (C) Salts of tin, mixed with carbonate of soda 
(NaOfCO^), and heated in the inner flame of the blowpipe, 
are reduced to the metallic state, and malleable globules of 
metallic tin are formed. 

In the oxidizing flame, with borax or microcosmic salt, 
oxide of tin forms clear, colourless beads, unless a large 
quantity of the oxide is present, when the bead is some- 
times opaque. 

380. (C) When the neutral protosalts of tin (as the 
protochloride) are treated with a large quantity of water, 
they are decomposed into an acid salt {8nCl,HCl) which 
is soluble, and a basic salt (SnCl,SnO,2HO), whicn is in- 
soluble : the precipitation of the latter causes the liquid to 
become milky. 

ZSnCl-\-ZH0=SnClyHCl-\-^iiCi^nO,<mO, 

381. (C) Hydrosfidphuric add (HS) gives in solutions of 
the protosalts of tin, either neutral or with excess of acid, a 
dark brown precipitate of protosulphide of tin (SnS), which 
is soluble in potash and in hydrosulphate of ammonia, es- 
pecially if it contains an excess of sulphur. 

382. (C) Hydrosulphate of ammonia {NH^SiHS) also 
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throws down the brown protosulphide, which is soluble in 
excess, provided a little free sulphur is present in it, which 
is always the case when the hydrosulphate has a yellow 
colour (739). K the solution thus formed be neutralized 
with hydrochloric acid, a yellow precipitate of the per- 
sulphide (SnSj) is produced, which was formed by the ac- 
tion of the excess of sulphur in the hydrosiilphate upon 
the protosulphide. SnSH-S=SnSjj. 

383. Ammonia {NH^ gives a bulky white precipitate of 
hydrated oxide of tin (SnO,HO), which is insoluble in 
excess. SnGl'\-NH^-^'^H0=BnO;S.O-\-NH^Cl 

384. Potash {KG) also produces a white precipitate of 
hydrated oxide (SnO,HO) which redissolves in an excess of 
the alkaline solution. 

If a concentrated solution of the oxide in potash be 
boiled, the protoxide is converted into a mixture of per- 
oxide (SnOj) and metallic tin ; the first remains in solu- 
tion, and the latter precipitates. 

2SnO=SnO^+Sn, 

385. Carbonate o^ potash {K0,00^) also throws down the 
hydrated oxide, whicn is insoluble in excess. 

386. (C) Terchloride of gold (AuCQ causes in solutions 
of the protosalts of tin, a dark purple precipitate, which has 
long been known as purple of Cassius; its composition 
appears to be (2 (SnO,SnOj)+Au02,Sn02+6HO). For the 
success of this experiment, it is necessary that both solu- 
tions be exceedingly dilute. 



SECnON IX. 

Peroxide of tin (SnO^). 



A solution of the perchloride (SnCQ may be used. 

387. (C) Salts of the peroxide of tin behave in the same 
manner before the blowpipe as those of the protoxide 
(379). 

388. (C) HydrosvZphuric acid (HS) gives a yellow preci- 
pitate of persulphide of tin (SnS^) which is soluble in 
solution of potash. 



106 MBTAia BBLONGDia TO CLA8B IV. 

389. (C) Bydrogidphate of Ammoma (yff^S,HS) also 
throws down tte yellow persulphide, which is readily solu- 
ble in excess. 

390. Amnumia (^ff,) and pottuh {KG) throw down a 
bulky white precipitate of hydrated peroxide of tin 
(SnO^O), which is soluble in an excess of the precipitant, 
eapecially when potash is used, forming a compound called 
stannate of potash (EO^nOj), in which the peroiide of 
tin appears to play the part of an add. 

Toe hydrated peroiiae, when thus formed by precijAta- 
tion with potash, is readily soluble both in potash and 
nitric acid, in which respect it differs from that formed 
by the action of nitric add on metallic tin, though both 
yield the same results when analyzed (392J. 

391. (C) Pour a few drops of nitric actd upon a small 
fragment of metallic tin in a test-tube, and observe the 
intense action which immediately takes place. The nitric 
acid i-^OA is decomposed by the affinity of the tin for a 
portion of its oiygen ; the white hydrated peroiide of tin 
(SnOj,HO) is formed; and nitric oxide (NO J, and some 
of the other oiidea of nitrogen, are given oflF.* 

3Sn+2iVO +3a^0=3(SnO„HO} -I-2N Or 

392. Heat the hydrated oxide formed in the last experi- 
ment, first with nitric add and afterwards in a solution of 
potash, and observe that it is quite insoluble in both, thus 
differing from that formed by potash (390). 

393. (0) If a piece of dean zinc be placed in a solution 

of perchloride of tin, the tin ia 
separated in the metaUic state, 
in the form of beautiiul feathery 
crystals, some of which are so 
mmute as to look like an amor- 
phous spongy mass, but when 
eiaminea with the microscope, 
appear aa multitudes of bril- 
hant and beautifully formed 
crystalline tufts. 
SyiCl,+2Zii=Sn+2Zn<X 

* A UtUa umnonU le at th« uma time formed by the docompoflitiou of 
8Sn + WO, +UH = 8 ISnO.HO) + ftTHj . 
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SECTION X. 

Oxide of hismidk (BijOg). 



A solution of the chloride {BijOl^ may be used. 

394. (C) Mix a concentrated solution of the chloride 
with a considerable quantity of water, which causes a 
white precipitate of oxichloride of bismuth (BijClj^BijOg). 

A similar decomposition takes place when solutions of 
many of the soluble salts of bismuth are diluted with 
mucn water. The precipitates thus formed, are readily 
distinguishable from those produced under the same cir- 
cumstances in solutions of antimony, by being insoluble 
in tartaric acid (332). They dissolve easily, however, in 
acetic acid. 

395. (C) When the salts of bismuth are mixed with 
carbonate of soda, and heated in the reducing flame of the 
blowpipe, small globules of the metal are formed, which 
break with a crystalline fracture when struck with a ham- 
mer. In the oxidizing flame, with borax or microcosmic 
salt, oxide of bismuth forms a yellowish bead, which be- 
comes nearly colourless on cooling. 

396. Hydrosutphuric add (HS), and hydrosvlpliate of 
ammonia (NH^SyHS), throw down from solutions of bis- 
muth, which do not contain a large excess of free acid, 
a black precipitate of sulphide of bismuth (BigS,), which 
is insoluble in dilute acids and potash, but soluble in hot 
nitric acid. 

397. Ammonia {NH^ 9JoA potash {KG) give a white 
precipitate of hydrated oxide (Bij03,3HO) which is insolu- 
ble in an excess of the precipitant. 

398. Carbonate of potash (KOfiO^ gives a bulky 
white precipitate of subcarbonate of bismuth (BigOgjCOg) 
which IS insoluble in excess. 

399. (C) When oxide of bismuth is heated, it turns 
yellow, and becomes colourless again on cooling. 
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CHAPTER VI. 



ACTION OP REAGENTB WITH THE INORGANIC ACIDS. 

400. The inorganic acids, which are enumerated in 
paragraph (179), may be conveniently divided into three 
classes, according to their behaviour with chloride of ba^ 
rium, and nitrate of silver, thus : — 

Class L — ^Acids which are precipitated by a solution of 
chloride of barium. 



Carbonic (C0«). 
SiHcic (SiOg). 



Sulphuric {HO^O^, 
Phosphoric (PO^). 
Boracic (BO3). 

Class IL — ^Acids which are unaffected by chloride of 
barium, but which are precipitated by a solution of nitrate 
of silver. 

Hydrochloric {HCl\ Hydriodic (HI), and Hydrosulphuric 

(HS). 

Class III. — ^Those which are not precipitated either by 
chloride of bariimi or nitrate of silver. 

Nitric {NO,) and Chloric (CIO,). 



SECTION I. 

SvlphvHc add {HOySO^. 

401. Mix a few drops of strong sulphuric acid or oil of 
vitriol, with about an equal quantity of water in a test- 
tube, and observe the heat evolved. 

402. (C) Place a small bit of wood or paper in a test- 
tube, and pour upon it a few drops of oil of vitriol : the 
organic matter is decomposed, and a black carbonaceous 
matter is formed. 

403. (C) Add a few drops of a solution of chloride of 
barium (BaCl) or nitrate of Baryta {BaO^NO^ to one of 
sulphate of soda {NaO^O^ : a heavy white precipitate of 
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sulphate of baryta (BaOjSO,) is thrown dowii^ which iA 
insoluble in hydrochloric acid. 

Baa+J!iraO,JSO^=BsiO^^+]}^aCL 

404. (C) Acetate of lead {FbOyC^ff^O.-^SAq) throws down 
in solutions containing sulphuric acid, a dense white pre- 
cipitate of siilphate of lead (PbOjSO,), which is insoluble in 
dHute acids, but sparingly soluble in strong sulphuric and 
hydrochloric acids (720). It is soluble also in potash and 
acetate of ammonia {NHjO,C,HJ)X 

FbO,C^H^O,+NaO^O^=PbO^O^+J}^aO,C,H,0,, 

406. (C) Mix a little dry sulphate of soda (NaOjSOj) or 
some other sulphate, with black flux, and heat it on pla- 
tiniun wire in the reducing flame of the blowpipe: the 
oxygen both of the soda and acid is removed, and sulphide 
of sodium (NaS) remains. 

NaO,S03+2C=:NaS+2C Oj. 

406. (C) Place the bead formed in the last experiment, in 
a test-tube, and moisten it with a little dilute sulphuric 
acid : hydrosulphmic acid (HS) is given off", which may 
be recognised by its odour, or by putting into the tube a 
strip of paper moistened with a solution of acetate of lead, 
which mil be blackened, owing to the formation of sulphide 
oflead(PbS)(438). 



SECTION n. 
Phosphoric add (tribasic) {3ffO,FO^, 



A solution of common tribasic phosphate of soda {2NaO, 
H0^0^-\-'2AAq) may be used.* 

407. Chloride of barium (BaCl) throws down a white 
precipitate of phosphate of baryta (2BaO,HO,P05) which is 
soluMe in hydrochloric acid. 

2BaOl-^2NaO,HOyPO^=z2J!^aCfl+2BQ,0,B.O;POy 

408. Chloride of caldvm (CaCl) gives a white precipi- 

• The monobasic (HO.POg) and bibaaic phosphoric acida (2HO,P05), being 
rarely met with in analysis, are omitted. 
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tate of phosphate of lime (8CaO,3POp, which readily dis- 
solves in a sBght excess of hydrochlonc acid.* 

409. (C) Sulphate (^magnesia {MgOySO^'\-l Aq) causes a 
white precipitate of phosphate of magnesia (2MgO,HO,P05), 
if the solution is tolerably strong. If a little ammonia or 
carbonate of anmionia, however, be present in the solution, 
the double phosphate of ammonia and magnesia (2MgO, 
NH.O,P05-hl2Aq) is formed, which bein^ much more in- 
soluble than the phosphate of magnesia, is precipitated in 
more dilute solutions, and is consequently a more delicate 
test. It separates as a granular crystalline precipitate and 
is readiLv soluble in excess of acid (206). 

410. (C) Nitrate of silver {AgO,NO^ throws down a pale 
yellow precipitate of tribasic phosphate of silver (SAgO,^)^) 
which is soluble both in ammonia and nitric acid (310). 

Z(AgOyNO^) +2iyraO,^(?,PO,==3AgO,PO, -^^{NaOyNO;) 

411. (C) Heat a small fragment of common tribafiic 
phosphate of soda before the blowpipe ; when cool, dis- 
solve it in water, and add to the solution a few drops of 
nitrate of silver. Instead of the yellow tribasic phosphate 
of silver (3AgO,POj), being thrown down as before, a white 
granular precipitate of the bibasic phosphate (2AgO,POj) is 

g reduced. This is owing to the tribasic phosphate of soda 
avingbeen converted into the bibasic phosphate (2NaO,P05) 
by the expulsion of the equivalent of basic water, when 
heated. 

412. (C) Acetate of lead {PhOyC^fi.+ZAq) gives a 
white precipitate of phosphate of lead (3PbO,P05) which is 
soluble in nitric add. If this precipitate be collected on a 
filter, dried, and heated before the blowpipe, it fuses into a 
semitransparent bead, which on coohng becomes very dis- 
tinctly crystalline. This test is decidedly characteristic, 
not only on account of the crystalline structure of the bead, 
but from the circiunstance tnat the phosphate, unlike the 
other salts of lead, is not reduced to the metallic state 
when heated in the inner flame. 

413. J£ perchloride of iron (Fe^Cl^ be added to a solu- 
tion of a phosphate acidified with a httle hydrochloric acid, 
and subsequently mixed with solution of acetate of potash 
{KO,C^H^O^i the phosphoric acid is thrown down in com- 

* See note to (217). 
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bination with peroxide of iron (2Fe303,3HO,3P05). If this 
phosphate of iron be digested with hydrosulphate of am- 
monia, it is decomposed, sulphide of iron (FeS) is formed, 
and the phosphoric acid remains in solution in combination 
with ammonia. The phosphate of iron may be still more 
completely decomposed by first dissolving it in a sUght 
excess of hydrocmoric acid, and nearly neutralizing with 
ammonia before the addition of the hydrosulphate. 



SECTION ni. 
Boracic add (BO3). 



A solution of borax (NaO,'2.BO^'^\0Aq) may be used. 

414. (C) A solution of borax turns turmeric paper 
brown, thus resembling an alkali or alkaline carbonate. 

Boracic acid in solution produces the same eflfect, though 
in a less degree. 

416. Chloride of barium (BaCl) throws down a white 
precipitate of borate of baryta (BaO,2B03) which is readily 
soluble in hydrochloric acid. 

BaCl+J}^aO,2BO^=Ba,0,2BO^+J^aOL 

416. Nitrate of silver {AgO,NO^ gives a white preci- 
pitate of borate of silver (AgO,B03), which is soluble both 
m ammonia and nitric acid. 

417. (C) If stroTig sulphuric add {HOySO^ be added to 
a concentrated solution of a borate, the boracic acid which 
is displaced, separates in combination with water in the 
form of crystalline scales. 

NaOy^BO^-^-HOySO^^NaO^O^+^BO^+HO. 

418. (C) If borax or any other borate, be moistened with 
a httle sulphuric add, and the mixture treated with al- 
cohol, the boracic acid is dissolved, and communicates a 
green colour to the flame when it is burnt. This is pro- 
bably owing to a Httle of the boron (B) being deoxidized by 
the burning spirit, and recombining with oxygen as it 
comes in contact with the air at the edge of the flame. 
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SECTION IV. 

Carbonic add (COa). 



The physical and some of the chemical properties of car- 
bonic acid, have been already noticed (18, &c.). 

419. (C) The carbonates when treated with a free a^yid^ 
as hydrochloric, are decomposed, and the carblonic acid, 
being gaseous when imcombined, escapes with efferves- 
cence. 

Q^OfiO^'^HCl^CaaA'EO-\' C 0^. 

It may be distinguished from other gaseous acids by 
being inodorous. When a substance such as marble is 
tested in this way for carbonic acid, it is generally ad- 
visable to drench it with water ; if this is not done, small 
bubbles of common air, which at first adhere to the solid 
substance, gradually escape, and may lead an inexperienced 
person to suppose that effervescence is taking place. 

420. (C) When carbonic acid is passed 
into lirrve water (CaO\ it causes a white 
precipitate of carbonate of lime (CaO,CO^, 
most of which redissolves if the gas is 
passed through for a length of tinae, 
owing to the formation of the bicar- 
bonate of lime {CaOy^CO^y which is 
soluble in water. 

This experiment is best made in a 
test-tube a, to which is connected, by 
means of a perforated cork, a bent tube, c. 
A small lump of marble is put into a, 
and the tube h half filled with lime- 
water : dilute hydrochloric acid is then poiured upon the 
marble, and the bent tube attached, which conducts the 
liberated carbonic acid into the hme water, which it imme- 
diately renders turbid. 

421. Chloride of barium {BaCl) and chloride of caldttm 
(CaCl) throw down a white precipitate of carbonate of 
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baryta (BaOjCOj) or of lime (CaO,CO«), which readily dis- 
solves with eflPervescence in dilute hyorochlorio acid. 

422. (C) Subacetate of lead {ZPlO,C^ffM is an ex- 
tremely delicate test for carbonic acid, with which it forms 
a white precipitate of carbonate of lead (PbOjCOj). 

423. Most of the carbonates, except those of the alkalies, 
are decomposed when strongly heated, in which case the 
oxide or the reduced metal is left (122). 



SECTION V. 

Silicic Acid {SiOj). 



There are two modifications of silicic acid, one of which 
is soluble, and the other insoluble. 



424. (C) Add a little strong hi/drocMoric add (HCl) to 
a concentrated solution of siHcate of potash {KO,SiO^, and 
warm the mixture : a bulky precipitate separates, wmch is 
soluble in potash, while a portion remains dissolved in the 
add solution ; this is the soluble modification (probably a 
definite hydrate) of silicic acid. 

KO, jSiO^+ECl=:Ka+HO+SiO,, 

425. (C) Evaporate to dryness the solution with the 
precipitate, formed in the last experiment, and observe, that 
on again treating the residue with hydrochloric acid, the 
sihcic acid remains imdissolved; in this state it is 
ahnost insoluble also in cold alkaline solutions. Thus we 
find that when the soluble modification of silicic acid is 
evaporated to dryness, it is converted into the insoluble 
modification. 

426. (C) Mix a little drv silicic acid, or an insoluble 
silicate, in fine powder witn dry carbonate of soda (NaO, 
COj) and fuse it, for about ten minutes, on a platinum 
wire before the blowpipe ; treat the bead with dilute 
hydrochloric acid, and observe that the insoluble silicic acid 
has been changed, by the fusion with the alkah, into the 
soluble modification. K the solution thus obtained be 
evaporated to dryness, the silicic acid again becomes in- 
soluble. 

427. (C) When pure silicic acid is fused with carbonate 

I 



; ( 
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of soda before the blowpipe, a transparent colourless bead 
of silicate of soda is formed, while carbonic acid is ex- 
pelled. 

NaO,COa -|-Si03=NaO,Si03 -f C „. 

In this experiment a small quantity only of the soda 
should be used, as it forms an opaque bead when added in 
excess. 

SECTION VI. 

Hydrochloric Add (HCl), 



(Chlorine, in combination with hydrogen or a metal, J 

A solution of chloride of sodium {NaCl), or the dilute 

acid, may be used. 

428. Chloride of barium gives no precipitate. If, how- 
ever, it be added to strong hydrochloric acid, the chloride 
of barium will be precipitated imchanged, as it is insoluble 
in the strong acid.* 

429. (C) titrate of silver {A^O,NO^ throws down a 
white curay precipitate of chloride of silver (AgCl) which 
is insoluble in nitric acid, but readily soluble in ammonia. 

AgOyNO^'\-NaCl—A^^NaO,NO^, 

If the ammoniacsd solution be neutralized with nitric 
acid, the chloride is again precipitated. 

This precipitate, like most of the salts of silver, becomes 
purple on exposure to light. 

430. (C) Acetate of lead {PhO,C JI^O.-^-ZAq) gives a 
white precipitate of chloride of lead (PbCl) in tolerably 
strong solutions of chlorides; if the precipitate be boiled 
with a httle water, it dissolves, ana separates again on 
cooling, in the form of needle shaped crystals. 

PhOfi^Hfi^-\-NaCl=:?\JC\-\-NaO,Cfi^ 0,. 

431. (C) When mixed with nitric acid, and warmed, 
hydrochloric acid dissolves geld leaf forming terchlorid© of 
gold (AuClX 

mCl-^NO^^-Axji^AuCl^+YlO^+^HO. 

* This circumstanoe most be remembered when testing hydrochloric acid 
with chloride of barium, with a view to ascertaining whether it contains traces 
of sulphuric acid ; in which case it is necessary to &ute the acid before testing. 
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SECTION vn. 
Hydriodic Add {HI) 



(Iodine in combinaMon with hydrogen^ or a metal.) 
A solution of iodide of potassium {KI) may be used. 

432. Chloride of ha/riwm gives no precipitate with hy- 
driodic acid. 

433. (C) Nitrate of silver (AgO^O^ gives a pale straw- 
coloured precipitate of iodide of silver (Agl), which gra- 
dually becomes purple when exposed to the light. It is 
nearly insoluble m nitric acid, and considerably less solu- 
ble in ammonia than the chloride (429). 

434. (C) Perchloride of mercury {HgCl^ gives a brilliant 
red precipitate of periocfide of mercury (Hglj), which dis- 
solves in an excess either of the perchloride or of the 
iodide of potassium. 

ir^(7^3+2ir/=Hgl2+2ZCZ. 

435. (C) Sta/rch (CjjHioO,^) forms with iodine, even in 
highly dilute solutions, a dark purple precipitate of iodide 
of starch. If the iodine is in a state of combination, as in 
iodide of potassium or hydriodic acid, it is necessary to 
liberate it before applying the starch ; which is readily 
done by adding a drop or two of nitric acid {NO^ or a 
solution of chlorine : if nitric acid is employed, a portion of 
its oaygen combines with the hydrogen or metal with which 
the iodine was in combination, forming water, or a metallic 
oxide. 3ir/-fira=3^0+N03-i-/. 

K chlorine be used, it forms with the hydrogen or metal, 
hydrochloric acid, or a metallic chloride, iodine being 
liberated in either case. 

KI-^Cl^KCl-^I 

The starch maybe applied either in solution or as a 
paste ; or, what is often more convenient, strips of paper 
or cotton may be impregnated with the solution, dried, and 
kept for use. 

436. (C) K iodide of potassium, or any other metallic 
iodide, in the solid state, be heated with a little strong 
sulphuric add (HOySO^, both compoimds are decom- 
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posed; sulphurous acid (SO,) and potash {KG) are 
formed, ana the iodine is set free. 

KI+2(jffO^(>3)=JE0^03-|- S 0,+2J70+L 

A portion of the latter subhmes in the, form of a beau- 
tiful violet coloured vapour, which condenses in the upper 
part of the tube, and is highly characteristic. 

If the quantity of iodine hberated is so small that the 
colour of the vapour is not perceptible, it may readily be 
detected by suspending a bit of paper or cotton moistened 
with a solution of stcurch, which will instantly be turned 
purple (435). 

437. Dilute sfulphwric acid, when added to the solution 
of an iodide, also causes its decomposition, especially if 
the mixture be boiled, setting free a little iodme, which 
gives a pale yellowish colour to the solution, and causes a 
purple precipitate with solution of starch. 



BEcnoN vin. 
Hydrosvlphuric Add (HS).* 



(Svlphwr, in combination with hydrogen or a metal. J 

438. (C) Most of the metallic sulphides are decomposed 
when treated with hydrochloric acid, in which case hy- 
drosulphuric acid (HS) is given off, and may be recog- 
nised by its disagreeable odour, resembling tliat of rotten 
eggs. 

Add a little dilute hydrochloric or mlphuric acid to a 
small fragment of sulpmde of iron (FeS) in a test-tube ; 
hvdrosulphuric acid is immediately evolved ; and if a strip 
of paper, moistened with a solution of acetate of lead, be 
held over the open end, it will be blackened, owing to the 
formation of the black sulphide of lead (PbS). The gas 
may also be passed into a solution of the acetate, in the 
manner shewn in (420), when it will throw down the 
black sulphide (357). 

F^+HCl=:FeCl-^KS. 

* Called alBO wlphuntted hydrogen. 
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439. (C) When heated with nitric add {NO^y the me- 
tallic sulphides are decomposed : the metal is oxidized at 
the expense of a portion of the nitric acid, orange fumes 
of nitroTis acid and nitric oxide being given off, while the 
sulphur separates as a whitish powder, which gradually 
collects into yellowish lumps, and is eventually dissolved, 
owing to its conversion into sulphuric acid, also at the 
expense of the nitric acid. 

CuS-f.2iV^O,=(7wOyy(?3-|-N02+NO,. 

440. (C) The soluble sulphides, or hydrosulphates, are 
also decomposed by acids, with evolution of hydrosul- 
phuric acid. Add a little dUute hyd/roMoric add to a 
arop or two of hydrosulphate of ammonia {NH^8yH8) ; 
hyctosiilphuric acid is given off, while muriate of ammonia 
{NH^Cl) remains in solution, and a httle free sulphur is at 
the same time deposited, which had before been dissolved 
in the hydrosulphate,* causing a white precipitate. 

441. Chloride of barium gives no precipitate with hy- 
drosulphuric acid or the hydrosulphates. 

442. titrate of silver {AgOyNO^ gives a black precipi- 
tate of sulphide of silver (AgS), which is soluble in hot 
nitric acid. 

443. (C) Acetate of lead (PbO,C^ff^O^+ZAq) throws 
down in solutions of hydrosulphuric acid or the hydrosul- 
phates, a black precipitate of sulphide of lead (PbS), 
which is converted into sulphate of lead (PbO,SO^) by 
boiling with nitric acid, which furnishes oxygen to both 

' PbO,C.Hfi.-^HS=Y\:^+HOfi.Hfi.. 
PbS-i-46)=PbO,S03. 

444. (C) Before the blowpipe, the sulphides are readily 
decomposed ; the sulphur is driven off and bums with a 
blue flame, forming sulphurous acid (SOj), which may be 
recognised by its odour, which is well known as that of 
burning sulphur. 

* When hydrosulphate of ammonia is first prepared, it is colourless, but 
a portion of the hydrosulphuric acid is gradually decomposed by the aflbiity of 
the atmospheric oxygen for its hydrogen, with which it combines to form water, 
while at the same time the equivalent of sulphur is set free, (1^8'+ 0=HO-\-S) ; 
the latter dissolves in the hydrosulphate, giving it a yellow colour. It is this 
sulphur which is precipitated on the addition of an excess of acid to the hydro- 
sulphate. 
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Nitric Acid (HOyNO,). 



Nitrate of potash (KO^O^), both solid and in solution, 

may be used. 

445. Chloride of barium (BaCl) gives no precipitate in 
solutions of the nitrates. If it be added, however, to 
strong nitric acid, a white precipitate will be produced, 
consisting merely of the undecomposed chloride, which, 
though soluble in water, is insoluble in the strong acid.* 

446. Nitrate of silver causes no precipitate in solutions 
of the nitrates. 

447. (C) If a small fragment of nitrate of potash be 
placed on ignited charcoal, vivid deflagration takes plade, 
owing to the rapid combination of the carbon with oxy- 
gen, which it abstracts from the nitre ; carbonic acid 
(COa) is thus formed, which combines with the potash 
previously in combination with the nitric acid. 

KO,N04-f-C=KO,COj+N03. 

448. (C) When a nitrate is heated with a little strong 
sfulphwric add (ffO^O^), it is decomposed ; and if copper 
filings are added to the mixture, the copper becomes 
oxidized at the expense of the liberated nitric acid ; nitric 
oxide and nitrous acid are given off, forming orange- 
coloured fiimes, which are very characteristic. 

4jy0+N0a. 

449. (C) Add a few drops of strong sulphuric cudd to a 
solution of a nitrate in a test-tube, and when the mixture 
is cold, drop in a small crystal of jprotosulphate of iron 
(FeOjSOg+TAq). When nitric acia is present, a brown 
compound is formed round the crystal, consisting of prot- 
oxide of iron (FeO) in combination with nitric oxide 
(NO a), while the other three equivalents of oxygen com- 
bine with another portion of the protoxide, forming sesqui- 

* This most be borne in mind when testing the piuitj of nitric acid. 
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oxide of iron {FeJ)^, which is dissolved by the sulphuric 
add as sesquisulphate {Fefi^^ZSO^, 

K the mixture is heated, the brown compound is decom- 
posed, and the colour disappears. 

450. (C) If a little hydrochloric add be added to a solu- 
tion contaoning nitric acid or a nitrate, the mixture has the 

Eroperty of (ussolving gold leaf, owing probably to the 
beration of free chlorine, which acts on the metal. The 
terchloride of gold {AuGl^ thus formed, gives the solution 
a yellowish colour. 

KO,NO^-\-'iHCl=KCl+^0-\-NO,^Cl. 

451. Strong nitric acid has the property of turning manv 
nitrogenous organic compounds yellow; a fact of which 
most chemists have unintentionally convinced themselves 
while experimenting with nitric acid, by the troublesome 
yellow stains it leaves on the fingers ; the cuticle being 
converted into a compound called xanthoproteic acid. 
(2H0,C„N,H,,0„). 

452. (C) If a nitrate be mixed with a little mtphuric 
acid, and warmed with a drop or two of sulphate of tTidigo, 
the blue colour of the latter disappears, owing to the 
conversion of the indigo into colourless oxidized com- 
pounds. 



SECTION X. 

Chloric add {ClO^, 



Chlorate of potash (K0,C105), both solid aud in solution, 

may be used. 

453. Ndther chloride of barium nor nitrate of silver 
produce anyprecipitate in solutions of the chlorates. 

454. (C) Meat a small fragment of the chlorate in a test- 
tube with the flame of a spirit lamp ; it is decomposed, 
and if the heat is continued long enough, the whole of the 
oxygen is given oflF. Chloride of potassium (KCl) remains 
behmd. KO,a04=Ka-h60. 
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The presence of oxygen may be proved by introducing an 
ignited match into the tube. 

455. ^C) Dissolve the residue of chloride of potassium 
formed m the last experiment, in water, and test the solu- 
tion with nitrate of silver (429). The formation of a 
chloride after the application of heat is the best proof that 
the acid is chloric and not nitric. 

456. (C) When placed on ignited charcoal, or when 
heated with organic substances, the chlorates deflagrate 
even more violently than the nitrates. On this account 
very small fragments only of the chlorate should be used. 

457. (C) Hace a small fragment of chlorate of potash 
(K0,C10j) in a test tube, and pour upon it a few drops of 
strong smphuric acid (HO,SOg) taking especial care not to 
warm the mixtwrcy as it is liable to explode with violence 
when heated. The chlorate is decomposed, sulphate of 
potash {KOySO^ and perchlorate of potash {K0,C10^) 
are formed, together with peroxide oi chlorine (ClO^), 
which gives the mixture a yellowish coloiu*, and escapes m 
the form of a greenish gas. 

3(KO,C105)-f-2(jyO,/S'0,)=2(ZO,AS'03)+irO,C;0,-h2C10, 

H-2^a 

458. Eepeat experiments 448, 449, and 452, using chlorate 
of potash instead of the nitrate, and compare the results 
with those obtained with the latter. 



CHAPTER VII. 

* 

ORGANIC ACIDS. 

459. The organic acids which are enumerated in para- 
graph 179, may be divided into three classes, according to 
their behaviour with chloride of calcium and perchloride 
of iron ; thus : — 

Class I. — Organic acids which are, under certain circum- 
stances, precipitated by a solution of chloride of calcium. 

OxaUc (H0,C,03). I Citric (3H0,C ja^O,.). 

Tajtaric (2HO,C8H,0,,). | Malic {mOfi^fiS 
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Claas IL — ^Those which are unaffected by chloride of 
calcium, but are thrown down by a solution of perchloride 
of iron. 

Sucianic (HOjC^HjOj). Benzoic (HOjC^^H^j). 

Class III, — ^Those which are not precipitated either 
by chloride of calcixun or by perchloride of iron. 
Acetic {HOyCJI/)^, Formic {HO,CJSO^). 



SECTION I. 

Oxalic Acid (B.0 fifi^). 

460. Oxalic acid is readily soluble in water and in al- 
cohol. 

461. When crystallized oxalic acid is heated in a tube, a 
portion volatilizes imchanged, while a part is decomposed 

462. (C) All the salts of the organic acids are decom- 
posed at a red heat, and when the base is an alkah, or al- 
kaline earth, a carbonate of the base is formed. This de- 
composition is almost always attended with a deposition of 
charcoal, and consequent blackening, but in the case of 
the oxalates scarcely any blackening takes place, the oxalic 
acid being almost wholly resolved into carbonic acid (COj) 
and carbonic oxide (CO), the latter of which escapes, while 
the carbonic acid combines with the base. 

KO,C203=KO,CO,H-CO. 

463. (C) Heat a little oxalate of Hme (CaO,a03) to red- 
ness for a few moments on platinum foil, and ooserve that 
the decomposition takes place almost without blackening. 
Place the fragment in a test tube, and moisten it with 
dilute hydrochloric acid, when the effervescence will shew 
the presence of carbonic acid. 

464. (C) Chloride of calcium (CaCl), when added to so- 
lutions containing oxalic acid, either free or in combina- 
tion with a base, causes, even in highly dilute solutions, a 
copious white precipitate of oxalate of lime (CaO,C,03-|- 
2Aa), which is readily soluble in hydrochloric acid, and 
shghtly so in an excess of oxalic acid, so that the addition 
of ammonia favours the precipitation in an acid solution. 

CaCl+JVff^OyC^O^=Ca,Ofifi^+NH,CL 

The presence of ammoniacal salts does not interfere 
with the formation of this precipitate. 
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465. (C) A solution of sulphate {CaOySO^^ or any other 
salt of lime, causes the same precipitate (CaO,C20»+2Aq), 
even in very dilute solutions. Lime water also does the 
same. 

466. FercMoride of iron (Fe^CQ gives no precipitate in 
solutions of oxalic acid or the oxsdates, unless they are 
concentrated. 

467. Nitrate of silver {AgOyNO^ throws down a white 

grecipitate of oxalate of silver (A^jC-Og), which is soluble 
oth in nitric acid and ammonia. If the .precipitate be 
dried, and heated on platiniun foil, it is dispersed with a 
slight puff, leaving a residue of metallic silver. 

468. (C) When oxahc acid or an alkaline oxalate is 
warmed with strong svlphuric acid {HOySO^ it is decom- 
posed into carbonic acia (COj) and carbonic oxide (CO), 
while the basic water or the alkali combines with the 
sulphuric acid. 

KOfifi,+ffOJSO,=KO^O,-\-ffO+ C 0,+ C O. 

The two gases escape with effervescence, and if a taper 
be applied as they issue from the tube, the carbonic oxide 
bums with a pJe blue flame, combkiiBg with an addi- 
tional equivalent of oxygen from the air, and becoming 
carbonic acid (41). 

SECTION n. 

Tartaric Add (2HO,C3Hp,o). 

469. Tartaric acid is soluble both in water and in 
alcohol. 

470. (C) Heat a small crystal of the acid in a tube ; it 
at first fuses, and is afterwards decomposed with deposi- 
tion of carbon, and consequent blackening. A peculiar and 
characteristic odour is at the same time emitted. 

471. Fold a small fragment of bitartrate of potash 
(KO,HO,CqH^Oh,) in platinum foil, and heat it to miness 
before the blowpipe or over a spirit lamp. The tartaric 
acid is thus decomposed, and carbonate of potash (KO,COj) 
is at the same time formed. Place the fragment in a 

est-tube, and add a few drops of dilute hydrochloric acid, 
when it will effervesce, shewing the presence of carbonic 
acid (419). 
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472. (C) Chloride of Calcium (CaCl) throws down in 
neutral solutions containing tartaric acid, a white precipi- 
tate of tartrate of lime (2CaO,CgH^O,o), which is soluble 
in a cold solution of potash ; if the potash solution be 
heated, however, the tartrate of lime separates as a 
bulky precipitate, but redissolves as the solution cools. 

473. Lime water (CaO) causes in neutral solutions a 
white precipitate of tartrate of lime (2CaO,CgH^On,), 
which IS soluble in an excess of acid. The presence of 
ammoniacal salts prevents the formation of this precipi- 
tate, though if the mixture be allowed to stand a few 
hours, the tartrate of lime gradually crystallizes out. 

474. Sulphate of lime (CaO^O^) gives no precipitate at 
first, even in neutral solutions of tartrates, but, if allowed 
to stand, tartrate of lime graduallv crystallizes. 

475. Salts of potash cause the formation of bitartrate of 
potash (KO,HO,C8H^Oio), which separates from the. solu- 
tion in the form of a granular precipitate, soluble in an 
excess of alkaU, and most of the inorganic acids. If the 
tartaric acid is present as a neutral tartrate, the bisulphate 
of potash {K0fR0,2S0^) should be employed for testing it. 
In dilute solutions the separation of the precipitate is 
hastened by agitating the liquid with a glass rod, when 
lines of minute crystals wiU be deposited on the sides of 
the glass wherever the rod has rubbed against it (184, 186). 

476. Ferchloride of iron (Fe^Cl^) gives no precipitate 
with tartaric acid or the tartrates. 

477. (C) Acetate of lead {PhO,CJIfi^-\-ZAc^ throws 
down a wnite precipitate of tartrate oi lead (2PbO,C8H^On,) 
which when washed clean, is readily soluble in ammonia. 

478. Tartaric acid and the tartrates, when present in 
solutions of the persalts of iron, prevent the precipitsr 
tion of the hydrated peroxide (Fej03,3HO) when ammonia 
or potash are added (280). This is owing to the formation 
of double tartrates of iron and the alkali, which are 
soluble in water, and are not decomposed by an excess of 
the latter. Tartaric acid also prevents the precipitation 
of alumina, protoxide of manganese, and some other oxides, 
under similar circumstances. 
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SEcnoN m. 
Citric Add (3HO,C,jHeOi,). 

479. Citric acid is soluble in water and in alcoboL 

480. (C) When heated in a tube, citric acid at first 
melts, and is subsequently decomposed, emitting pungent 
fiunes, which may be distinguished by their smeU from 
those formed by tartaric acid under similar circumstances. 
A carbonaceous residue remains in the tube. 

481. (C) Chloride of Caldvm (CaCJ), when added to 
solutions of neutral citrates, rives a white precipitate of 
citrate of lime (3CaO,C,jHgOij), which is insoluble in 
potash, but soluble in muriate of ammonia. If the am- 
moniacal solution be boiled, the citrate of lime reprecipi- 
tates. Free citric acid gives no precipitate with this test. 

482. (C) LiTm water (CaO) fails to produce a precipi- 
tate in a cold solution, but if the mixture be boiled, citrate 
of lime is thrown down, being less soluble in hot water 
than in cold. 

483. PerMoride of iron {Fe^Cl^ gives no precipitate. 

484. Acetate of lead (FbO,CJI^O^-\-3Aq) throws down a 
white precipitate of citrate of lead (3PbO,C,2HgO,2), which 
when washed, is only very slightly soluble in ammonia, 
thus differing from tartaric acid (477). 

485. Citric acid and the soluble citrates, when present 
in solutions containing peroxide of iron, alumina, and 
some other metallic oxides, prevent their precipitation by 
ammonia, owing to the formation of soluble double salts. 

486. Citric acid when heated with strong nUphuric acid, 
is decomposed ; carbonic acid and carbonic oxide are 
given off with effervescence, and after some time, sul- 
phurous acid (SOj) is formed, and the mixture becomes 
dark coloured. 

SECTION IV. 

Malic acid {2B.0fi^B.fi^). 

487. Malic acid dissolves freely both in water and al- 
cohol. 

488. (C) When malic acid is cautiously heated in a 
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tube, it is decom{)osed into two new acids, maleic acid 
(2HO,C^H30g), which being volatile, sublimes and con- 
denses m the upper part of the tube ; and fimiaric acid 
(HOjC.HOj) which remains at the bottom. K the heat is 
allowed to rise higher thwi 400° or 600°, further decom- 
position takes place, and the mass is carbonized. 

489. Chloride of (xAciwm (CaOV) gives no precipitate, 
since the malate of lime (2CaO,CgH^08) is soluble in water : 
the addition of alcohol, however, immediately causes it 
to precipitate. 

490. Lime water {CaO) gives no precipitate with malic 
add or the malates. 

491. Perchloride of iron {Fe^Cl^ causes no precipitate, 
as the malate of iron is soluble in water. 

492. (C;j Acetate of lead {PhOfi^Hfi^ZAqS throws 
down a white precipitate of malate of lead (FbO,H0,C8H^Og). 
If acetate of lead m solution, be allowed to stand for a day 
or two on the precipitate, it is gradually converted into 
beautiful tufts of silky crystals. & the precipitate be well 
washed, and, while suspended in water, heated over a lamp, 
it will be found to melt into a resin-like mass at the tem- 
perature of boiling water. 

493. like tartaric and citric acids, malic acid and the 
soluble malates prevent the precipitation of peroxide of 
iron and some other metallic oxides by the alkalies (478, 
486). 

494. When heated with oil of vitriol (HO,SO^), malic 
acid is decomposed and carbonized, sulphurous acid (SO^) 
being at the same time given off. 



SECTION V. 

Sitccinic Acid (ROfififi^). 

496. Succinic acid is soluble both in water and alcohol. 

496. (C) When the pure acid is heated in a tube, it 
volatilizes entirely, leaving no carbonaceous residue, and 
crystallizes in the upper part of the tube. The common 
acid met with in commerce is seldom pure, and usually 
leaves a slight residue. 

497. Chwride of caldvm (CaCl) gives no precipitate 
with succinic acid or the succinates. 
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498. (C) PercMoride of iron (Fe^Cl^) throws down a 
bulky lignt brown precipitate of persuccinate of iron 
(Fe,03,2C^H„03) from perfectly neutral solutions containing 
succinic' acid. This precipitate is soluble in acids, and is 
decomposed by ammonia, which removes the greater part 
of the acid. 

499. Acetate of lead (PhO,C^HfiA-^Aq) rives a white 
precipitate of succinate of lead (FbO,C4H203), which is 
soluble in acid solutions, and is decomposed into a basic 
salt by ammonia. 

500. (C) When treated with a mixture of chloride of 
barium, ammonia, and alcohol, solutions containing suc- 
cinic acid, give a white precipitate of succinate of baryta 
(BaO,C,H,03). 



SECTION VI. 

Bermic Acid (H0,C,,Hg03). 

501. Benzoic acid is scarcely soluble in cold water, but 
rather more so in hot : it is readily soluble in alcohoL 

502. (C) When heated in a tube, it sublimes and con- 
denses in the form of beautiful needle-shaped crystals ; 
the vapour has a pecuhar aromatic odour, and causes an 
unpleasant sensation in the throat, inducing coughing. 

603. Chloride of calcitim (CaCl) gives no precipitate in 
solutions of benzoic acid, the benzoate of lime bemg solu- 
ble in water. 

504. PercMoride of iron (Fe^Cl^) gives in neutral solu- 
tions, a light yellowish brown precipitate of perbenzoate of 
iron (Fe203,3C^4H303) which is soluble in acids, and like 
the succinate, is decomposed by ammonia. 

505. Acetate of lead (PbO,C^H^O^-\-ZAq) throws down a 
white precipitate of benzoate of lead (PbO,Ci4H50s^ in 
solutions of benzoate of potash or of soda, but not in a 
solution of the free acid, or of benzoate of ammonia. 

506. (C) A mixture of chloride of barium, ammonia, a/nxi 
alcohol, gives no precipitate with benzoic acid and the 
benzoates, thus differing from succinic acid (500). 

507. (C) When the solution of an alkaline benzoate, 
as benzoate of ammonia (NHfi,C^.Hfi^, is treated with 
strong sulphuric or hydrochloric ada, it is decomposed, and 
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the liberated benzoic acid, being abnost insoluble in water, 
is precipitated in the form of a white crystalline precipi- 
tate ; wnile the sulphate or muriate of ammonia remams 
in solution. 



SECTION vn. 

Acetic Acid {HO,C,H^O;), 

508. Acetic acid is soluble in all proportions in water : 
it dissolves also in alcohol. 

609. (C) When heated, it volatilizes readily, leaving, if 
pure, no residue ; the fumes have an exceedingly pimgent 
odour, resembling that of vinegar, which owes its active 
properties to the acetic acid which it contains. 

610. Chloride of caldvm, and the other salts of lime, 
give no precipitate with acetic acid or the acetates. 

PercfUoride of iron also gives no precipitate, but changes 
the colour of the solution to a deep redmsh brown. 

611. (C) Nitrate of silver {AgOyNO^ causes in neutral so- 
lutions, a white precipitate of acetate of silver (AgO,C^H30,), 
which if the mixture is heated, partially dissolves, and 
recrystallizes on cooling ; it is soluble in ammonia. 

611a. (C) Protonitrate of mercury {HgO,NO^ gives on 
agitation, a precipitate of acetate of mercury (^^fi^O^, 
which separates in the form of white silky crystalline scales. 

612. (C) When an acetate is mixed with dilute mi- 
phuric acid, and gently warmed, it is decomposed, a sul- 
phate of the base being formed, while the acetic acid is 
set free, and may be recognized by its odour. 

KO,CJIfi,^HOySO,=KO^O,-\-HOfi,Hfi,. 

613. (C) If a mixture of an acetate with dUvte sulphuric 
add be cnstilled (536^, and the distilled liquid boiled with 
an excess of oa^ide of lead (PbO), the liberated acetic acid 
combines with a portion of the oxide, forming subacetate 
of lead (ZPbOjC^ff^O^), which, having an alkalme reaction 
with test paper, may be recognised by its turning the yel- 
low colour of turmeric paper brown. 
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614. (C) When acetic acid or an acetate is warmed with 
strong sulphuric acid {HO^O^, acetic ether (C4H5O, 
C4H3O3) 18 formed, which volatilizes, and may be known 
by its peculiar and refreshing odour. 



SBonoN vnL 
Formic acid (HO,C^ ffO^y 

515. Formic acid is readily soluble both in water and 
alcohol. 

516. (C) When heated, it volatilizes entirely, giving off 
fumes of a penetrating disagreeable odour. 

517. Chloride of colciwn gives no precipitate with formic 
acidortheformiates. 

518. Ferchloride of iron also gives no precipitate. 

519. Nitrate of silver gives in strong and neutral solutions 
of the formiates, a white precipitate of formiate of silver 
(A^jCjHOj), which shortly becomes of a darker colour, 
owmg to decomposition and the liberation of metaUic silver. 
If the mixture be boiled, this reduction takes place imme- 
diateljr. 

A similar decomposition takes place with protonitrate 
of mercury. 

520 (C) When warmed with dUule aulphwric a/yid the 
formiates are decomposed : the formic acid volatilizes, and 
may be known by its odour. 

521. (C) If formic acid or a formiate be heated with 
strong sidphuric add, it is resolved into water and carbonic 
oxide (CO). C^0.^2CO-\-E0. 

The carbonic oxide gas escapes with effervescence, and 
bums with a pale blue flame if a light be applied to the 
mouth of the tube. 



PART III. 

QUALITATIVE ANALYSIS OF SUBSTANCES, THE 
COMPOSITION OF WHICH IS UNKNOWN. 



CHAPTER L 

PRBLIMINAET EXAMINATION, ETC. 

522. WHEN'a substance is presented for examination, with 
a view to ascertaining its chemical composition, it is obvious 
that it would be extremely tedious if we were to begin by 
applying indiscriminately, the tests for the various metals 
and acids, until we happened to meet with one which gave 
a characteristic reaction ; and although such a method 
might occasionally succeed in the examination of substances 
consisting tnerely of one base and acid, it would certainly 
be found wholly inefficient under less favourable circum- 
stances, as when two or more bases and acids are mixed 
together, which would mask or neutraUze each other's 
behaviour with the different reagents employed. Hence 
the necessity of a well-devised plan of proceeding, in which, 
bv means or a few simple experiments, we are enabled to 
obtain some considerable insight into the nature of the 
substance under examination. 

523. Before beginning what may be called the real anor 
lyds of a substance, it is generally advisable to make a few 
preliminary experiments upon it, in order to ascertain the 
class of compounds to which it belongs, and whether the 
usual mode of analysis will be likely to succeed with it : 
this may be called the prdimiTiary examiTiaiion, 
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We will first suppose that a solid substance lias been 
given to the student for examination. K it is a liquid, he 
may pass on to (533). 



SECTION I. 

Prdiminary examination of solids,* 

624. Observe whether the substance is crybtat.ltne or 
amorphous: whether it is homogeneous throughout, or 
composed of difierent ingredients, such as can be distin- 
guished either with the naked eye, or with the assistance of 
a lens. 

Note any peculiarity of form or colour ; and observe 
whether or not it possesses metallic lustre. 

625. Take its spedfic gravity (145). A knowledge of this 
is frequently of great service, especially in the case of 
minersiLs, when by reference to a table of specific gravities,t 
we are able at once to guess what it is, and to strike out 
of the list of possibilities a large number of substances 
which it might more or less resemble in external appear- 
ance. 

626. Plxice a fragment of the svbstance in a smaJH tvbe of 
hard German glass^ dosed at one end : heat it fi/rst over a 
lamp, and afterwards in the flame of the blowpipe. Observe, 
(a) whether it appears to undergo ant change : if it 
does not, we infer that the substance contains no water or 
organic matter ; that it is not readUy fusible ; and that no 
volatile substances are present. 

(h) Does it fuse 1 and if so, does it continue fluid as 
long as the heat is applied, or does it, after a short time, 
solidify while still in a heated state. If it solidifies while 
hot, it had probably undergone what is called the watery 
fusion, or melted in its water of crvstaUization, which is 
gradually expelled, condensing in the upper part of the 
tube. If the substance fuses without any other apparent 

* I cannot too strongly insist once more on the importance of making careftd 
and accurate notes of all the experiments and observations which are made ; they 
are not only often absolutely necessary for reference in the subsequent stages of 
the analysis, but the practice is also of the greatest value to the student, in cul- 
tivating habits of correct observation and facility of expression ; besides at the 
same time impressing the facts more strongly on his recollection (6). 

t Such a table may be found in Dr. Thomson's Jifineraloffp, vol. i. p. 710. 
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change, it probably contains either an alkali or an alkaline 
earth. 

(c) Does rr wholly volatilize ? If it does, of course 
no nxed matter is present, and we are thus enabled to 
lessen the circle of our inquiry very considerably. 

(d) Perhaps A portion volatilizes, leaving a fixed 
RESIDUE : hence we infer that the substance under ex- 
amination is probably a mixture of two or more sub- 
stances. 

(e) When the substance is volatile (either wholly or in 
part), observe whether the vapour condenses in the 
coQh PART OF THE TUBE; and if SO, whether the matter 
deposited is soUd (crystalline or amorphous) or liquid ; if 
the latter, is it neutral or otherwise to test paper ] Is the 
vapour COMBUSTIBLE ? Has it any characteristio smell, 
as of ammonia, or of burning sulphur, or of arsenic 
(301) ] 

(/) Does the substance under examination blacken when 
HEATED ? K it does, we may infer that some organic mat- 
ter is present : and if, by continuing the heat with access of 
air on a piece of platinum foil, the blackness disappears, 
we may pronounce with certainty that such is the case. If 
the burnt mass, when cold, eflFervesces on being moistened 
with dUtUe hydrochloric add (SGI), while the substance in 
its original state does not, we may infer that an organic 
acid was present, which, when heated, is converted into 
carbonic acid, forming a carbonate (462, 471). In this case, 
too, it is highly probable that the base with which the 
organic acid was in combination, is either an alkah (potash 
or soda), or an alkaline earth, (lime, magnesia, baiyta, or 
strontia,) as otherwise the newly formed carbonate would 
probably have been decomposed, leaving either a metallic 
oxide or reduced metal (423). 

(g) In case of carbonization, observe whether any cha- 
racteristic SMELL is given off during the decomposition 
(470, 480), and also whether the vapour which is formed 
is neutral, acid, or alkaline to test paper : if alkaline, it is 
probable either that ammonia was present, or that nitrogen 
was contained in the organic matter.* 

It is not to be considered certain that, because a sub- 
stance does not char when heated, no organic matter is 

* When an organic substance containing nitrogen is heated, ammonia (NHa) 
iB almost invariably formed daring the destructive decomposition. 
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present, since many organic substances volatilize without 
decomposition. 

527. Heat a fragment of the mbstance on charcoal in the 
inner fUmve of the Uowpipe, In this experiment, some of 
the appearances already obtained by heatmg in a tube, will 
probably be repeated, such as charring, volatilization, &c. 
Observe, 

(a) Whether I^he substance fuses, either easily or only 
after prolonged application of the flame. If fusion takes 

Elace speedily, ana especially if the fused mass is absorbed 
y the charcoal, it is probable that potash or soda is pre- 
sent : if the former, the flame may be tinged with a violet 
colour (187). 

(6) If the substance puses and boiib, and after a short 
time SOLIDIFIES while still under the influence of the heat, 
the fusion was probably owing to the presence of water of 
crystallization (526 6). 

(c) If the substance is infusible (either without, or sub- 
sequent to, the watery fusion,) and remains on the char- 
coal in the form of a colourless infusible mass, the sub- 
stance is probably an alkaline earth, silica, oxide of zinc, or 
alumina. If an alkaline earth, it will probably radiate an 
intense white Hght while ignited. The white imusible mass 
may then be moistened with a solution of nitrate of cobalt, 
and again heated, when if it becomes blue, alumina may be 
suspected (245) ; if green, oxide of zinc (261) ; and if pale 
pink, magnesia (209). If it is silica, it will fuse into a clear 
colourless bead with carbonate of soda, effervescing at the 
same time (427). 

{d) In case a bead op reduced metal, or a coloured 
infusible residue, is formed on the charcoal, it should be 
mixed with carbonate of soda (NaO,C02), ^^^ again heated 
as before on charcoal in the deoxidizing flame. If tin, 
copper, silver, or gold are present, a bead of the metal will 
be formed without any incrustation on the charcoal.* K 
iron, cobalt, or nickel are present, they will be reduced to 
the metallic state, but instead of fusing into a bead, will be 
mixed up with the carbonate of soda (being infusible except 
at a higher temperature), giving the bead a grey opaque 
appearance. 

• The white or brownish ash which is always formed when charcoal is burnt 
(which consists of the incombustible matter of the charcoal) must not be mis- 
taken for an incrustation derived from the substance under examination. 
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(e) If a WHITE DEPOSIT IS FORMED ON THE CHARCOAL 

ROUND THE BEAD OF METAL (or indeed without any me- 
tallic bead), it is probably owing to the presence of zinc or 
antimony.* If zmc, the oxide while hot is yellowish, be- 
coming white on cooling (260). 

(/) If a YELLOW OR BROWN DEPOSIT IS FORMED, either 

lead, bismuth, or cadmium may be supposed to be present. 

528. Warm a frcvgmefnJt of the substance in a tvbe vnth 
strong svlphuric acid (HO,SO^. 

(a) K EFFERVESCENCE occuRS,t it is probably owing to 
the escape of some volatile acid, which is displaced by the 
sulpliuric acid. If the gas thus liberated has no smell, car- 
bonic acid may be suspected (419). If it smells of hvdro- 
sulphuric acid, the substance was probably a sulphide (438), 
in which case sulphurous acid (SO,), would at the same 
time be formed. If the smeU resembles that of nitric or 
nitrous adds, the presence of a nitrate may be inferred, 
especiallv if orange coloured fumes are evolved on the ad- 
dition of clean copper filings (448). If the disengaged gas 
is greenish yellow, with a smell somewhat resemblmg 
chlorine, it is probably owing to the presence of a chlorate 

(p) If organic matter is present (which will have been 
already ascertained (526 f)), the escape of gas may be 
due to the carbonic acid or other gas formed by the action 
of the sulphuric acid upon it ; and consequently the pre- 
sence of a volatile acid is not proved by this experiment 
when organic matter is present. 

(c) If the substance imdergoes no apparent change by 
the action of sulphuric acid, the absence of all these com- 
pounds may be inferred. 

529. The next point to be ascertained in the preliminary 
examination, is as to the solubility of the substance in 
water and other solvents. Place five or ten grains of 
the pounded substance in a test-tube, and treat it with a 
little distilled water (at first cold, and afterwards boiled 
if the substance does not dissolve), and observe whether 
it is wholly or partially soluble, or whether it is absolutely 
insoluble. This is known by evaporating a drop of the 

* See note in preceding page. 

f Care must be taken not to mistake the bubbles of common air, which often 
escape from the surface of a solid substance when it is treated with a liquid, for 
true effervescence. 
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clear liquid (filtered if necessary^ on platinum foil, when if 
anything is dissolved, it will be left as a residue ; which, if 
abundant, indicates that the substance is copiously soluble ; 
and if slight, that it is only sparingly so.* 

(a) K NOTHING IB DISSOLVED by the water, we thus prove 
the absence of all soluble compounds. 

(b\ K it WHOLLY DISSOLVES, we prove the absence of all 
insoluble compounds. 

(c) If it PARTIALLY DISSOLVES, it is either a sparingly 
soluble substance, or a mixture of soluble and insoluble 
matters : the addition of more water will shew which of 
these is the case. K it is a mixture, the insoluble portion 
may be separated by filtration from the solution, for further 
examination (530). 

530. ^ the substance, or any portion o^ it, is found to 
be insoluble, or but very sparingly soluble in water, it must 
be treated with dilute hydrochloric axnd {HCl) (except it be a 
metal, see 531,) and if n^ecessary boiled. Whether or not 
anything dissolves, may be ascertained by evaporating a 
drop of the clear liquid on platinum foil (529). K epper- 
VESCENCE OCCURS, it is probably owing to the escape of a 
gaseous acid, which may sometimes be identified oy the 
smell or colour (528 a). If the smell of chlorine be 
given off, it may be owing to the presence of a peroxide, 
as of manganese (MnO„). 

MnO- + 2HCl^MnCl'\- ^0-^ CI. 
In case the whole, or. any portion of the substance prove 
insoluble in hydrochloric acid, it must be separated by fil- 
tration, and retained for further examination (532). 

531. If the svbstance is a rrietal (known by its m£taUic 
lustre <fcc.), it must be treated with strong nitric add, and if 
necessary boiled. 

(a) If NO APPARENT ACTION TAKES PLACE, the metal is 
probably gold or platinum : and if it be foimd that nothing 
has dissolved, the absence of all the common, easily oxi- 
dizable metals may be inferred. 

{b) K the METAL IS ACTED UPON, AND A WHITE PRECIPI- 
TATE IS AT THE SAME TIME FORMED, which is fouud tO be 

insoluble in water, it is probable that antimony or tin 

* It is always necessary to test by experiment -whether the distilled water 
used in these experiments is itself perfectly pure and firee from dissolved mat- 
ter : if such were not the ca&e a residue would of course be lefl^ even though the 
substance under examination were insoluble (782). 
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is present (391) ; and if, besides the formation of the 
white precipitate, some of the metal is dissolved (known 
by evaporating a drop of the clear liquid on platinimi foil), 
tne presence of some other metal, soluble in nitric acio, 
may be relied on. 

(c) If the metkl dissolves entirely, the absence of 
goldl, antimony, and tin may be inferred. 

632. The matter (if any) which moved insclMe in hydro- 
cMorio add (530) is now treatea, jwst with strong nitric 
add, and then, if it resists soliition, with nitrohydrochloric 
add (727) and if necessary boiled. If insoluble in this, it 
is probably one of the msoluble silicates, sulphates, or 
chlorides, and will have to be afterwards examined (578, 
623). 



SECTION n. 
Prdimina/ry examination of liquids, 

633. When the substance given for examination is 
liquid, a drop or two should be evaporated on platinum 
foil, to ascertain whether or not it contains any fixed 
matter in solution. If such is the case, a small quantity 
of the liquid is to be evaporated to dryness in a basin, and 
the residue examined according to the directions given 
above for solid substances (524, 526 et seq.). Towards 
the end of the evaporation, wnen the residue is nearly dry, 
and a pellicle of soHd matter is formed on the surfswe, 
it is very liable to spurt, and project small portions of 
the substance out of the basin (644) ; this is best avoided 
bv moderating the heat, aud bv constantly stirring with a 
glass rod, so as to prevent the formation of the peUicle. 

While the evaporation is going on, the following experi* 
ments may be commenced with the solution. 

634. Take its spedfic gravity (148). 

635. Test the solution with litmus and turmeric paper, to 
ascertain whether it is neutral or otherwise. 

(a) K NEUTRAL, the absence of free acids and alkalies, 
and of acid salts may of course be considered certain. 
It is probable also, that the only salts present, are those 
of the alkahes or alkaline earths, as the solutions of most 
other salts have a feebly acid reaction. 
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(b) If it has an acid reaction (known by its reddening 
blue litmus paper) it is owing to the presence of either an 
uncombined acid, an acid scdt, or a soluble salt of one of 
the heaw metals, many of which have a feebly acid re- 
action. To ascertain which of these is present, pour a 
little of the solution into a test-tube, and stir it with 
a glass rod, the end of which is moistened with a solution 
of carbonate of potash {KOyCO^-^^Aq) ; if this causes a 
precipitate, the acid reaction is prooably owing to the 
presence of a metallic salt ; while, if the solution remains 
clear, a free acid or an acid salt is probably the cause. 

(c) If the solution has an alkaline reaction (known 
by its turning turmeric paper brown), it is probably owing 
to the presence of a free alkali or alkaline earth, one of 
the alkaline carbonates, or an alkaline sulphide. In this 
case we are enabled to exclude at once all oxides which are 
insoluble in alkaline solutions ; and if alkaline carbonates 
are present, none of the alkaline earths can exist in solu- 
tion, since they would be thrown down as insoluble car- 
bonates. 

636. K the solvent liquid is supposed from its taste or 
SMELL, to be other than water, it may be necessary to 




insulate it from the solid matter it contains, for examina- 
tion. This is best done, if the liquid is volatile, by distil- 
lation in a small retort (61), or if the quantity of liquid 
is minute, the distillation may be effected in two small 
tubes as shewn in the figure, a being the retort, and b 
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the receiver ; the latter may, if necessary, be kept cool 
by immersion in cold water. The liquid snould be poured 
down a long tube funnel, to avoid soiling the long limb of 
a. The distilled liquid may then be examined as to its 
taste, smell, specific gravity, boiling point, &c. 

637. When the substance to be examined is liquid, 
containing sohd matter in suspension, the latter is to 
be separated by filtration, and the solid and liquid por- 
tions examined separately, according to the directions 
given (524 et seq. and 633 et seq.). 



SECTION m. 

ActVKd Analysis, 



Introductory remarks. 

638. Having learnt from the preliminary experiments 
just described, the general nature of the substance under 
examination, together with its degree of solubility, &c., we 
proceed to the actual analysis by means of liquid tests, 
with a view to ascertaining the exact constituente of which 
it is composed. 

We wul first, for the sake of simplicity, and leaving 
entirely out of sight all the rarer substances (179), de- 
scribe the processes to be "followed in the analysis of 
simple salts, which are known to contain only one metallic 
oxide or base, combined with one acid ; as for example, 
sulphate of potash (KO,SO») ; or a binary compoimd of a 
metal with a nonmetallic body (or haloid salt), such as 
chloride of calciimi (CaCl) ; and first those which are 
readilv soluble in water, it is usual to determine the 
base first, and when that is done, the student may pass on 
to (566), and commence testing for the acid. 

639. When the presence of any metal or acid is indi- 
cated by the action of a reagent employed in qualitative 
analysis, it is always necessary to confirm our supposition » 
hj applying other tests, as it is rarely the case that a 
single test is sufficiently decided in its results to render 
the presence of a metal absolutely certain. The student 
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therefore, when he is led to infer from the result of an 
experiment, that a certain substance is present, should 
reier to the action of other reagents on the particular 
metal or acid in question ; when he will have no difficulty, 
by applying two or three of the most charswsteristic tests 
to some of the original solution, in proving his supposition 
to be correct or otherwise. 



CHAPTER II* 

QUALTTATIVB ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID, WHICH IS READILY SOLUBLE IN WATER 
(629). 

SEOnON L 

ExamiTiation for the base of the adU, 

640. Having made a tolerably strong solution of the 
salt, a little of the solution is treated with a drop or two 
of dilute hydrochloric add (ffCl). If this causes a whitb 
PRECIPITATE, it is probablv owing to the. presence of either 
lead, silver, or protoxide of mercury, the chlorides of 
which, being more or less insoluble, are precipitated as 
soon as formed. In order to distinguish between them, 
a portion of the liquid with the precipitate, is supersatu- 
rated with ammonia {j^3^. 

(a) If this DISSOLVES the precipitate, the base is pro- 
bably oxide of silver (377). 

(6) If the precipitate becomes dark coloured, the 
base is probably protoxide of mercury (338). 

(c) If the precipitate remains unaltered by the am- 
monia, the base is probably oxide of lead (362). 

In either case, a portion of the original solution should 

* The student will find in the Appendix a list of salts, &c., which may be 
taken for practice in qualitative analysis. He may examine a few of each kind 
with the assistance of the book, until he finds himself tolerably familiar with 
the processes ; after which he may try them without reference to the printed 
directions. 



EXAMINATION FOB THE BASE OF THE SAI/T. 139 

be tried with some of the most characteristic tests for the 
suspected metal (539). 

Hydromiphuric add test, 

541. If no precipitate is caused by the hydrochloric acid, 
the acidified portion of the solution is mixed with one 
of hydrosulphuric add {HS\ or the gas may be passed 
through it (730) until it smells perceptibly. If this causes 
NO CHANGE, the student may pass on to (547), but if a 
PRECIPITATE IS PRODUCED, the basc is thus shewn to be 
one of those in the fourth class (179), since none of the 
others are precipitated from an acidified solution by hydro- 
sulphuric acid. 

542. If THE PRBCIPITATE IS BLACK, the basc is either 
oxide of lead, oxide of copper, oxide of bismuth,* or per- 
oxide of mercury. To prove which of these it is, add to 
separate portions of the original solution in a test.tube^ 
the following tests, imtil one of them is found to indicate 
the metal present. 

(a) Ada a little dilvte avlphuric add {HO^OX If this 
causes a white PREcrPiTATE, the base is probably oxide of 
lead, the white precipitate being in that case sulphate 
of lead (PbOjSOj) (361). To confirm this, add some of the 
other tests for lead (356, 363, 364). 

{b) If THE SULPHURIC ACID GIVES NO PRECIPITATE, ad^ 

to another portion ja solution of ammonia (NH^ ; if this 
causes at first a light blue precipitate, which on the 
addition of ammonia in excess, redissolves, forming a deep 
rich BLUE SOLUTION, the base is oxide of copper (369). 
(Confirm 371, 372.) 

(c) To another portion of the original solution, add a 
few drops of a solution of potash {KG) : if this causes a 
YELLOW PRECIPITATE, the basc is peroxide of mercury (351). 
(Confirm 346, 353, 354.) 

{(£) K none of these tests succeed, a little of the solu- 
tion should be evaporated nearly to dryness with hydro- 
chloric add, and then added to a considerable quantity of 
water in a test tube ; if a white precipitate is produced, 
the base is probably oxide of bismuth (394). (Confirm 
395, 397.) 

543. If THE PRECIPITATE CAUSED BY HYDROSULPHURIC 

* Bismuth is seldom met with in soluble compounds, since most of its salts 
are insoluble, or onlj yery sparingly soluble, in water. 
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ACID IS BROWN, the base is probably protoxide of tin (381). 
(Confirm 379, 382, 386.) 

544. If THE PRECIPITATE CAUSED BY HYDROSULPHURIO 

ACID IS YELLOW, either the base is peroxide of tin (388), 
or one of the oxides of arsenic is present (307).* To de- 
termine which of these it is, add to a portion of the 
original solution, a few drops of dilute ammonia; if this 
causes a white precipitate, the base is probably peroxide 
of tin (390) ; (Confirm 387, 393 ;) while if the solution 
REMAINS clear, the yellow sulphide is probably that of 
arsenict (Confirm 303, 312.) 

645. If THE COLOUR OP THE PRECIPITATE THROWN DOWN 

BY HYDROSULPHURIO ACID IB ORANGE, the base is probably 
oxide of antimony (329). (Confirm 332, 334.) 

546. If THE PRECIPITATE WITH HYDROSULPHURIC ACID IS 

WHITE, the base is probably peroxide of iron, sulphur being 
in that case precipitated (278). (Confirm 280, 282.) 

Hydrosvlphate of ammonia test, 

547. When hydrosulphuric acid causes no precipitate, 
it may be inferred that no metal of the fourth class (179) 
is present, and that the metal contained in the salt be- 
longs consequently to one of the three other classes. Add 
a Httle muriate of ammxmia {NHXJl)X to a portion of the 
original solution, and then a few drops of dilute avn/monia^ 
unless the solution was quite neutral ; in which case the 
addition of ammonia is unnecessary, its use being to pre- 
vent the presence of any excess of acid, which mi^t inter- 
fere with the action of the hydrosiilphate of ammonia 
(440). 

548. Add now to the neutral or dighdy anrvmoniacal solvr- 
tion, ht/drosiUphate of ammonia, u. tnis causes no pre- 
cipitate, none of tne metals of the third class can be 

* Although both the oxides of arsenic (AsOa and A8O5) hare aoid properties* 
they are best included here among the bases, on account of their behaviour 
with hydrosulphuric acid. 

t When in the examination of a salt, the precipitate with hydrosulphuric 
acid is found to be owing to the presence of arsenic, we must still seek for the 
base by further experiments, since both the oxides of arsenic are acids. When 
the substance is soluble in water, the base in combination with the arsenious or 
arsenic acid will probably be found to be one of the alkalies, since the arsenites 
and arseniates of all the other metallic oxides, are insoluble in water. 

it Muriate of ammonia is here added to prevent the precipitation of any 
magnesia that may be present (200), which, as it does not belong to the third 
class, might cause confusion. 
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present, and the student may pass on to (663). If a pre- 
cipitate APPEABS, however, the base ia thus shewn to be 
one of those included in the third class : viz. alumina, 
oxide of chromium, oxide of zinc, protoxide of mangar 
nese, protoxide of iron, peroxide of iron, oxide of nickel, 
or oxide of cobalt. 

549. If THE PRECIPITATE IS BLACK, the basc is either 
protoxide or peroxide of iron, oxide of nickel, or oxide 
of cobalt. To distinguish between them, add to a fresh 
portion of the solution a little caustic ^o^aaA. 

(a) K this causes a dull pale green PRECiPirATE, which 
on exposure to the air becomes rust coloured,* the base 
is protoxide of iron (273). (Confirm 276.) 

{b) If it throws down a rust coloured prectpitate, the 
base is probably peroxide of iron (281). (Confirm 282.) 

(c) If the precipitate caused by potasn is pale green, 
wmch does not become brown by exposure to the air, 
the base is probably oxide of nickel (288). (Confinn 287, 
291, 292.) 

(d) If the precipitate is light blue, changing to dirty 
pmk when boiled, the base is probably oxide of cob^t 
(295). (Confirm 296, 299.) 

550. If THE precipitate CAUSED BY HYDR08ULPHATE OP 

AMMONIA IS FLESH-COLOURED, becoming brown by exposure 
to the air, the base is probably protoxide of manganese 
(263). (Confirm 264, 267.) 

551. If THE PRECIPITATE THROWN DOWN BY THE HYDROSUL- 

PHATE IS WHITE, the baso is either alumina or oxide of 
zinc. To distinguish between them, add to a fresh portion 
of the original solution a little dilute ammonia. 

(a) If this causes a white precipitate which is readily 
SOLUBLE in excess of ammonia, the base is oxide of zinc 
(255). (Confirm 260, 261.) 

(b) If, on the contrary, the white precipitate thrown 
down by ammonia is insoluble in excess, the base is 
alumina (241). (Confirm 245.) 

552. If the precipitate caused by the hydrosulphate 
is green, the base is probably oxide of chromium (247). 
(Confirm 248, 251, 252.) 

* When it is expected that a change of colour will be caused by exposing a 
precipitate to the air, the best way is to pour a little of the precipitate with the 
solution containing it, on a piece of filtering paper, when it will come more 
completely in contact with the air than when allowed to remain in the test- 
tube. 
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CarboTuUe of soda test. 

663. In case neither hydrosulphuric acid nor hydro- 
sulphate of amm<»ua produce any precipitate, we know 
that no metal of the third or fourth class can be present, 
and that the base we are in search of must consequently 
belong either to the first or second class. 

Acid carbonate of soda {NaOfiO^ to a portion of the 
original solution : if this causes no precipitatb, the base 
does not belong to class XL, and the student may pass 
on to (665). K, on the contrary, a white PREcaPiTATE is 
PRODUCED, the base is one of those included in the second 
class, viz., magnesia, lime, bairta, or strontia. 

664. To determine which of these it is, add to a little of 
the original solution in a concentrated state, a few drops 
of sulphuric acid or sulphate of soda. 

(a) If this causes no precipitate, even after standing 
a few minutes, the base is probably magnesia (206). (Con- 
firm 206, 209.) 

(6) If, on the contrary, a precipitate is produced, the 
base is either lime, baryta, or strontia: to distinguish 
between them, add to another portion of the original 
solution, a solution of sulphate of lime. 

(c) If this causes an immediate precipitate, the base is 
probably baryta (226). 

(d) If the precipitatb does not appear at first, but 
gradually separates after some little time, the base is 
probably strontia (233). (Confirm 236.) 

(e) Ii NO PRECIPITATE is caused by sulphate of lime, even 
after standing, and if oxakUe of ammonia gives a white 
precipitate in the diluted solution, the base is lime (218). 
(Confirm 216, 219.) 

bbb. If neither hydrosulphuric acid, hydrosulphate of 
ammonia, nor carbonate of soda produce any precipitate, 
the base is one of the first class, viz. potash, soda, or am- 
monia. To ascertain which of these it is, 

(a) Add to a portion of the dry salt, or of the concen- 
trated solution, in a test-tube, a little caustic potash {KO), 
and boU : if the smell of ammonia is perceptible, and if 
the vapour produces dense white fumes, when a rod mois- 
tened with hydrochloric acid is held near the mouth of the 
tube, the base is ammonia (195). (Confirm 192, 194.) 
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(b) If it is not ammonia, add a little bichloride of 
IpfMinwm to the concentrated solution ; if this causes a 
YELLOW CRYSTALLINE PREdPiTATE either immediately or 
after standing a short time, the base is potash (185). (Con- 
firm 186, 187.) 

(c) If NO PRBCiPirATE APPEARS, and if the solution from 
the last experiment, on evaporating spontaneously, de- 
posits YELLOW needle SHAPED CRYBTAifi, which are readily 
soluble in water, the base is soda (188). (Confirm 189, 
190.) 

SECTION n. 

Examination for the add* 

666. Having ascertained the base of the salt under 
examination, we next proceed to discover the acid with 
which it is combined ; and here we will, as before, for 
the sake of simphcity, leave out of sight all the rarer 
ones, and confine ourselves to those inorganic acids which 
are most commonly met with in analysis, viz. 



Sulphuric {HO^O^), 
Phosphoric (PO^). 
Boracic (BO3). 
Carbonic (CO..). 
SiHcic (SiOj). 



Hydrochloric (HCl). 
Hydriodic (Hi). 
Hydrosulphuric (HS). 
Nitric {HO,NOX 
Chloric {HOfilO,). 



657. A portion of the original solution, which for this 
purpose should be tolerably concentrated, is first treated 
with dilute svZphuric add. If no apparent change takes 
place, the student may pass on to (558) ; but if effer- 
vescence ENSUES, the acid is probably either carbonic or 
hydrosulphuric. 

(a) K the gas evolved is inodorous, the acid is probably 
carbonic (419). (Confirm 420, 421.) 

if)) If the gas has a smell resembung that of rotten 
EGGS, the acid is hydrosulphuric, or sulphur combined with 
a metal (438). (Confirm 439, 443.) 

(c) K the dilute sulphuric acid gives a pale yellow or 

* After determining the base of a salt which we know to be soluble in water, 
it is of course unnecessary, in the subsequent examination, to look for any acid 
tiiat forms with the base an insoluble salt (See Table of Solubilities in the Ap- 
pendix). 
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BROWN COLOUR to the solution, the acid is probably hydri- 
odic, in which case iodine is set free, ana being sHghtly 
soluble, colours the liquid (437). (Confirm 434, 435, 436.) 
(See also 569 ft.) 

558. If no effect is produced by the dilute sulphuric 
acid, a portion of the original neutral solution is tested 
with cMoride of barium (BaCl) ; if this produces no pre- 
cipitate, the student may pass on to (559) ; but if a pre- 
cipitate APPEARS, the acid is probably either sulphuric, 
phosphoric, boracio, or silicic,* since baiyta forms with 
each of them an insoluble salt. 

(a) To distinguish between them, add a little strong 
hydrochloric acid to the mixture with the precipitate ; if 
the latter does not dissolve, the acid is probably sul- 
phuric, because the sulphate of baryta is insoluble, while 
the phosphate, borate, and recently precipitated silicate of 
baryta, are soluble in hydrochloric acid (403). (Confirm 
404, 405.) 

If, on the contrary, the precipitate dissolves in the 
hydrochloric acid, the acid is either phosphoric, boracic, 
or sihcic. 

(6) Evaporate a little of the original solution to dryness 
with hydrochloric acid ; treat the residue again with more 
of the acid ; wash the insoluble matter (if any) with 
water, and examine it before the blowpipe with carbonate 
of soda ; if a transparent colourless bead is obtained 
in this way, the acid is silicic (427). (Confirm 424.) 

(c) If it is not silicic, add a little nitrate of silver to a 
portion of the original solution ; if this gives a pale yellow 
PRECIPITATE, the acid is probably phos^oric (410). (Con- 
firm 409, 412.) 

{d) If THE PRECIPITATE THUS PRODUCED IS WHITE, and 

soluble in nitric acid and in ammonia, it is probably boracic 
(416). (Confirm 417, 418.) 

559. K chloride of barium causes no precipitate, a 
portion of the original solution must be treated with 
nitrate of silver {AaOyN^O^ : if this causes no precipitate, 
pass on to (560), but if a precipitate is produced the 
acid is probably either hydrochloric or hydriodic. 

(a) n the precipitate is white and curdy, insoluble in 

* Arsenious or arsenic acid, if present, would also cause a precipitate with 
chloride of barium ; but its presence will have been already ascerta^ed daring 
the examination for the base of the salt (544). 
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nitric acid, but readily soluble in ammonia, the acid is 
hydrochloric (429). (Confirm 431.) 

(b) If the PRBcrpiTATB HAS A PALE STRAW COLOUR, and is 
almost insoluble in ammonia, the acid is probably hydri- 
odicr433). (Confirm 435, 436.) 

560. K neither chloride of barium nor nitrate of silver 
give any precipitate, the acid is probably nitric or chloric. 

(a) Warm a little of the concentrated solution with strong 
svlphmric add and cojyper filings ; if orange fumes are 
given off, the acid is probably nitric (448). (Confirm 449, 
450.) ' 

(6) If the acid is not nitric, test a small quomtity of the 
solution for chloric acid, in the manner described m (454, 
455) and confirm 457. 



CHAPTER m. 
quahtattve analysis of a simple SAi/r, containing one 

BASE AND ONE ACID (OR A SIMPLE METAL), WHICH IS 
INSOLUBLE OR NEARLY SO IN WATER, BUT SOLUBLE 
EITHER IN HYDROCHLORIC, NITRIC, OR NITROHYDROCHLO- 
RIC ACID (530 ET SEQ.). 

SECTION L 

ExaminxJtion for base, 

561. In dissolving a substance in acid for the purpose of 
analysis, it is advisable to avoid using a large excess of 
the solvent, since it might afterwards interfere with the 
action of some of the reagents ; when a large excess has 
inadvertently been used, it is consequently necessary to get 
rid of most of it by evaporation, taking care of course that 
sufficient acid is left to retain the substance in solution. 
Most of the substances which are insoluble in water and 
soluble in acids, owe this solubihty to their conversion 
into compounds which are soluble in water ; as when zinc 
or marble is dissolved in dilute hydrochloric acid, the 

L 
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metallic chloride which is formed (ZnCl, or CaOl), is solu- 
ble in water, and consequently requires no excess of acid 
to retain it in solution. In some cases, however, when the 
acid acts merely as a solvent towards the substance, with- 
out causing decomposition, it is necessary to have an excess 
of acid, to retain it in solution. This is the case with the 
phosphates of the alkaline earths, and some other salts, 
which would not dissolve again if the whole of the acid 
used to dissolve them, were to be expelled. 

562. When nitric acid has been employed, either alone 
or in conjunction with hydrochloric acid, it is advisable 
to expel it, and convert the nitrates into chlorides by 
adding an excess of hydrochloric acid, filtering if neces- 
sary (as when sUver, lead, or mercury are present (640) ), 
evaporating the solution nearly to dryness, and addmg 
water or dilute hydrochloric acid. The reason why it is 
advisable to get rid of the nitric acid is, that it oxidizes 
and decomposes hydrosulphuric acid, which has to be ap- 
pHed as a test, and thus prevents that reagent playing its 
proper part in the process. 

Hydrosulphuric acid test, 

563. Dilute the acid solution with three or four times 
its bulk of water,* and test a portion of it with hydro- 
svZphuric add; if this causes- no PREcrpiTATB, pass on to 
(564) ; but if A precipitate is produced, refer back to 
^540 to 546), as this part of the examination is conducted 
in the same way as when the substance is soluble in 
water. 

HydrosvlphMe of ammonia test, 

564. If hydrosulphuric acid gives no precipitate, the 
base cannot belong to the fourth class. A portion of 
the solution should next be neutralized with ammonia 
if it contains an excess of acid, or if neutral, a little 
m^uriate of ammonia should be added (547), and subse- 
quently treated with hydros/ulphate of ammjonia. 

If this causes no precipitate, pass on to (570) ; but if 
A precipitate is thrown down, the base is probably one 
of those belonging to Class III ; or else the precipitate may 

* If a white precipitate is formed on dilating the acid solution, it is probable 
that either antimony, bismuth, or tin is present (882, 894, 380). 
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consist of the phosphate of one of the alkaline earths, 
which, in that case, would have been dissolved by the 
acid, and reprecipitated unchanged, when the acid was 
neutralized by the ammonia and hydrosulphate of am- 
monia. 

565. If the PREcaa»iTATE caused by the htdbositlfhatb 
IS BLACK, the base is probably protoxide or peroxide of 
iron, oxide of nickel, or oxide of cobalt. To distinguish 
between them apply the tests mentioned in (549). 

566. If the precipitate thrown down by the hydro- 
sulphate IB flesh-coloured, becoming brown by exposure 
to the air, the base is probably protoxide of manganese 
(263). (Confirm 264, 267.) 

567. & THE precipitate IB green, the base is probably 
oxide of chromium (247). (Confirm 248, 251, 252.) 

568. If the precipitate is white, the base is either 
alumina or oxide of zinc ; or else the precipitate consists 
of the phosphate (or ammoniophosphate) of magnesia, 
Hme, baryta, or strontia (664).* 

To a portion of the original solution, add potash in ex- 
cess ; ii THE precipitate at first formed redissolves, the 
base is either alimiina or oxide of zinc, which may be 
distinguished from each other in the manner described 
in (551). 

569. If the precipitate thrown down by potash ib in- 
soluble IN excess, it consi^s probably of an earthy phos- 
phate, the base being consequently magnesia, lime, baryta, 
or strontia. In such a case, it is advisable, before pro- 
ceeding to ascertain which of these is the base present, 
to separate the phosphoric acid from it. This is done by 
adding perchlonde of iron (FejOl^ to the acid solution, 
and subsequently ammonia m sHght excess ; when the 
whole of the phosphoric acid is precipitated as perphos- 
phate of iron (2Fej03,3HO,3POj), and any excess of per- 
chlonde of iron is at the same time precipitated by the 
ammonia as hydrated peroxide ; leaving in solution a chlo- 
ride of magnesium, calcium, barium, or strontium, together 
with muriate of ammonia. The solution thus obtained, 
and filtered from the precipitate of iron, may now be tested 

* Some other salts of the alkaline earths, as the oxalates and borates, would, 
if present, be thrown down when the solution is neutralized, being, like the 
phosphates, soluble only in acid solutions. For the sake of simpUdtj, how- 
ever, the consideration of such compounds is here omitted. 



148 QUALITATiyE ANALYSIS. 

with carbonate of soda, and further examined according 
to the directions given in (554). 

Carbonate of soda test, 

570. If hydrosulphate of ammonia causes no precipitate, 
a portion of the original solution is to be tested for the 
alkaline earths with carbonate of soda (553, &c.). 

571. With regard to the alkaUes, it is hardly necessary 
to allude to them here, as the compounds which they form 
with all the acids in our list (with the exception of silicic) 
are soluble in water. In the case of an insoluble alkaline 
silicate, it is only necessary to evaporate a Uttle of the 
acid solution of it to dryness, and treat the residue with 
water. The silicic acid will then be left insoluble (425), 
and the aqueous solution of the alkaline chloride mav be 
tested for potash and soda in the manner described in 

SECTION n. 

Examination for the acid. 

572. If the acid is arsenious or arsenic, it will have been 
detected in the course of the examination for base (563). 
It is imnecessary to look for chloric acid, since all its salts 
are soluble in water, and consequently cannot be met with 
here. 

573. A small portion of the substance in the solid state 
is first treated with hydrochloric acid ; if this causes ef- 
fervescence, the acidf is probably carbonic (419J ; (Con- 
firm 420) ; or if the gas which is given oflF has tne smell 
OP HYDBOSULPHURic ACID, the substaucc under examina- 
tion is probably a metallic sulphide (438). (Confinn 439, 
444.) 

574. If the substance is not acted on by the hydro- 
chloric acid, treat a little of it with nitric oAd, and if ne- 
cessary, boil it. 

(a) If this CAUSES effervescence, orange fumes of nitrous 
acid being given off, and sulphur at tne same time de- 
posited, the substance is probably a metallic sulphide 
(439). (Confirm 444.) 

(p) If the substance dissolves in nitric acid without 
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EFFERVESCENCE, add nitrate of silver to the acid solution ; 
a WHITE CURDY PRECIPITATE, soluble In ammonia, indicates 
hydrochloric acid, the original substance being in that 
case a chloride (429). (CoiSrm 431.) 

575. Treat a little of the substance in the soUd state 
with strona svlphuric acid, and apply heat. 

(a) If this causes the disengagement of violet vapour 
OF IODINE, the substance imder examination is an iodide 
(436). 

(6) Add a little alcohol to the acid mixture, which for 
this experiment should not contain more than a few drops 
of sulphuric acid, and apply a light to it in a small eva- 
porating dish, placing it in a dark comer, so as to distin- 
guish the colour of the flame more readily. If the flame 
IS green at the edges, the acid is probably boracic (418). 
(Confirm 417.) 

(c) Evaporate to dryness a little of the substance after 
boiling with sulphuric acid, and digest the residue in hot 
ht/drochloric acid; if this leaves a white insoluble pow- 
der, which when washed, and heated before the blowpipe 
with carbonate of soda, j^es into a colourless transparent 
bead, the acid is silicic (425, 427). 

(d) Dilute the hydrochloric acid solution formed in (c) 
with water, and add a solution of chloride of barium ; ii 
this causes A white precipitate, which is insoluble in 
nitric acid, the acid is probably sulphuric (403). (Confirm 
406,406.) 

576. In testing for phosphoric acid, one of the two fol- 
lowing methods mav oe adopted, according as the base of 
the salt has been found to belong to the second, third, 
or fourth class (179). 

(a) K the base is one of those in Class IV., the diluted 
acid solution of the substance, containing only a slight 
excess of acid, is saturated with hydrosvlphuric acid (730), 
which precipitates the metal, and sets free the phospnoric 
acid (if present), which remains dissolved in the solution. 
30i*0,P6^j-i-3H S=3CuS-}-3^0,PO,. 

The liquid should now be filtered from the precipitated 
sulphide, concentrated by evaporation, supersaturated with 
ammonia, and tested with sulphate of rruumesia ; if a 
white crystalline precipitate is gradually produced, which 
is insoluble in muriate of ammonia, the acid is probably 
phosphoric (409). (Confirm 410, 412.) 
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(6) If the base has been found to belong to Class II. or 
in., perchloride of iron (Fe^Cl^ is added to a portion of 
the solution of tne substance in hydrochloric acid, and 
subsequently ammonia in slight excess ; the phosphoric 
acid, if present, is precipitated in combination with the 
iron as perphosphate of iron, together with a little hy- 
drated peroxide of iron, if the perchloride has been added 
in excess. The precipitate thus formed, containing the 
whole of the phosphoric acid (if sufficient perchloride of 
iron has been added), is now well washed with distilled 
water, and digested with the aid of heat in hydrosulphate 
of ammonia, by which it is decomposed, sulphide of 
iron and phosphate of ammonia being formed (413) ; the 
latter being soluble, may be separated from the sulphide by 
filtration, and tested for phosphoric acid with svZphaZe of 
m>agnma (409). (Confirm 410, 412.) 

577. If the acid is found to be none of those now referred 
to, it maybe nitric, a few of the subnitrates being insoluble 
in water and soluble in acids. To determine this, a little 
of the substance in a tube is tested with sulphuric acid 
and copper filingi^ when the appearance of orange fumes 
will incucate the presence of nitric acid (448). (Confirm 
449, 450.) 



CHAPTER IV. 

QUALTTATIVB ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID, WHICH IS INSOLUBLE OR NEARLY SO 
IN WATER, HYDROCHLORIC, NITRIC, AND NITROHYDROCHLO- 
RIC ACIDS (532). 



578. If the salt imder examination has been found in- 
soluble in the above solvents, it is probably one of the 
following substances, viz., a ^cate of one of the metals 
belonging to Class 11., III., or IV. ; sulphate of lime 
(CaO,SO,); sulphate of baryta (BaO,SO,) ; sulphate of 
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strontia (SrOjSOg) ; sulphate of lead PbO,S03) ; chloride 
of lead (PbCl), or chloride of silver (AgCl). Some of these 
compounds are not altogether insoluble either in water or 
acids, as the sulphate of Hme and chloride of lead ; but 
since they are very sparingly so, it is possible they may be 
placed imder this head by the experimenter. 

579. A small fragment of the substance is moistened 
with hvdrosvlphoUe of ammonia : if it remains whede, pass 
on to (580) : out if it blackens, it is probably either sul- 
phate of lead, chloride of lead, or chlorid!e of silver. A little 
of the substance in fine powder should in this case be di- 
gested for a few hours in hydrosvlphate of amrrionia, which 
will gradually decompose it, the metal combining with the 
sulphur to form an insoluble sulphide, while the acid 
unites with the ammonia of the hydrosulphate, to form 
a soluble salt of ammonia. Thus, in the case of sulphate of 

(a) After filtration, the precipitated sulphide is dissolv^ 
in nitric acidy and the solution thus obtained may be 
tested for lead with sulphuric acid (361), and for silver with 
hydrochloric add i^ll). 

(b) The solution filtered from the sulphide, is next ex- 
amined for sulphuric acid with chloride of barium (403), 
and for hydrochloric acid (chlorine) with nitrate of silver 
(429), confirmatory experiments being made in eacn case. 

580. If the substance remains white when moistened 
WITH hydrosulphate OP AMMONIA, it is probably either 
a silicate, or the sulphate of one of the alkaline earths, 
b'me, baryta, or strontia. A portion of the substance 
(about twenty to thirty grains) is reduced to fine powder, 
and intimately mixed with four or five times its weight 
of dry carbonate of soda. The mixture is placed in a pla- 
tinum (or porcelain) crucible,* and heated to redness, 
either in a furnace or over a lamp, for about an hour (648). 
The fused mass, when cool, is digested in dilute hydro- 
chloric acid until it is for the most part dissolved, and 

* Oreat care is necessary in nsing a platinum crucible, that nothing is heated 
in it which is likely to corrode it. Compounds of the easily reduced and fusible 
metals, as tin, antimony, lead, bismuth, &c., substances containing sulphur, as 
metaUio sulphides, caustic alkalies, nitrohydrochloric acid, besides many other 
substances, are a^ more or less injurious. When a platinum crucible is 
heated in a furnace or open flre, it must be placed in a covered earthen crucible 
to protect it from injury ; a little pounded magnesia should be interposed be- 
tween them, to prevent their sticking together, as at a high temperature the 
surface of the earthenware is liable to fuse. 
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a little of the solution is tested for sulphuric acid with 
chloride of barium (403). 

(a) If THIS INDICATES THE PRESENCE OF SULPHUMO ACID 

the substance is probably the sulphate of lime, baryta, 
or strontia, and the acid solution may be neutralized with 
ammonia, and examined for those bases according to the 
directions given in (554). 

(6) If NO SULPHURIC ACID IB PRESENT, the substancc is 
probably a silicate. In this case, the hydrochloric acid so- 
lution, together with any portion that may have resisted 
solution, is evaporated to dryness, and the residue treated 
with hydrochloric acid, and subsequently with water ; if a 
WHITE INSOLUBLE POWDER i*emains, which fuses with car- 
bonate of soda before the blowpipe into a clear colourless 
bead, silicic acid is present (425, 427). 

The solution obtained in (6), by treating the dry residue 
with hydrochloric acid and water, contains the base with 
which the silicic acid was combined ; and may be ex- 
amined according to the directions given in (563 et seq.). 



CHAPTER V. 

QUALITATIVE ANALYSIS OP A MIXTURE OP TWO OR MORE SALTS, 
WHICH MAT CONTAIN ALL THE BASES AND ACIDS IN THE LIST 

(179). 

Introd/uuiory remarks, 

581. Unless we have reason to know that a substance 
intended for analysis, contains only one base and one acid, 
it is necessary to assume that it m^y contain any or all 
of the more common saline compoundfs. Such an analysis 
is of course considerably more complicated than that of 
a single salt, and consequently the necessity of having a 
well devised scheme of expenments is here even greater 
than in the former case, when only one base and acid 
had to be determined. 

The method of deaUng with such a mixture is, first to 
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separate the whole of the metals of the fourth class (if 
any are present), by passing hydrosulphuric acid gas 
through a solution of tne substance acidified with hydro- 
chloric acid, and filtering the solution from the precipi- 
tate : the precipitate is then dissolved in acid, and tested 
successively for each of the metals of the fourth class. 
The filtered solution, containing all the bases but those of 
the fourth class, is then neutralized, and treated with 
hydrosulphate of ammonia, which throws down all the 
metals of the third class (if any are present) ; and the 
precipitate filtered from the solution is dissolved in acid, 
and tested successively for each metal of the third class. 
The solution, filtered from the sulphides can now only 
oontain any metals of the first and second class that may 
be present, which may readily be distinguished by a few 
simple tests. 

582. The student must be careful, when making these 
experiments, that he adds sufficient of the various re- 
agents, to throw down the whole of the metals affected 
by them, since any traces of the metals belonging to a 
class supposed to have been entirely removed from the 
solution, would materially interfere with the indications 
afforded by the subsequent tests. For example, in the 
analysis of a mixture of a salt of lead and a salt of Ume, 
if sufficient hydrosulphuric acid were not passed through 
the solution to separate the whole of the lead, a black 
precipitate of sulphide of lead would be formed on the 
addition of hydrosulphate of ammonia to the filtered liquid, 
indicating the presence of one or more metals of the third 
class, none of which are really present. On the other 
hand, the addition of a large excess of any of the reagents 
is also to be avoided, as being not only useless and waste- 
ful, but in many cases mischievous. 

Both these errors may be avoided by adding the re- 
agents in small successive portions ; and when the ex- 
perimenter has reason to think that he has added suffi- 
cient, let him filter a few drops of the mixture, and apply 
to the solution a little more of the reagent : if this pro- 
duces no further precipitate, he may conclude that enough 
has been added. 

583. When a class of metals has been precipitated by 
either of the general reagents mentioned in (581), it is 
always advisable, before proceeding to apply any of the 
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subsequent tests to the filtered solution, to ascerfcain whe- 
ther it contains any other fixed bases, as if it does not, the 
examination of it need not be proceeded with. This is 
readily known by evaporating a drop or two of the solu- 
tion on platinum foil, and heating it to redness ; when, 
if no residue is left, it may safely be concluded that all 
the bases (except ammonia, which must be looked for 
in a separate portion (602)^ have been already separated. 
In the course of an analysis, especially of a complicated 
substance, it is often necessary to have several solutions in 
hand at the same time ; to avoid confusion, each of these 
should be labelled with a bit of gummed paper, with a 
letter or mark upon it upon it, referring to a correspond- 
ing letter in the note book (7). 

584. As one portion of the substance to be analyzed has 
to be carried through several operations, it is advisable 
that the quantity operated on should not be very small. 
When the substance is a sohd, twenty or thirty grains 
jnay be used ; and when in solution, an ounce or two 
j(according to the degree of concentration) will be foimd 
A convenient quantity. 



CHAPTER VI. 

QUALTTATIVB ANALYSIS OP A MIXTURE OP SAI/TB, WHICH MAY 

CONTAIN ALL THE BASES AND INORGANIC ACIDS IN THE LIST 

• (179), AND WHICH IB READILY SOLUBLE IN WATER (529).* 

SECTION I. 

ExammaJtion for bases, 

585. The solution is first rendered slightly acid by the 
addition of a few drops of hydrochloric acid : if this causes 

* It is of course impoesible that Buch a Bolntion can exist, containing aU the 
bases and acids in the list, since several of them -would form salts which are 
insoluble in water, as baiyta and sulphuric acid, oxide of silyer and hydro- 
chloric acid, &c. It is consequently unnecessary, after having determined the 
bases in a mixture of salts soluble in water, to look for any acids which form 
with them salts that are insoluble (See Table of Solubilities in the Appendix). 
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NO PRECIPITATE, pass on to (586) ; but if A white precipi- 
tate IS PRODUCED, it is owing to the presence of silver, 
lead, or protoxide of mercury. In this case, add hydro- 
chloric acid as long as it causes any precipitate, filter th^ 
liquid, and wash the insoluble chloride. 

rlace a small portion of the moist precipitate in a test- 
tube, and treat it with ammonia. 

(a) K THE PRECIPITATE DISSOLVES COMPLETELY, it COU- 

sists wholly of chloride of silver, proving of course the 
presence of silver in the substance under examination 
(377). (Confirm 374, 378.) 

(6) If THE PRECIPITATE IS BLACKENED, and not wholly 

dissolved, by the ammonia, it probably contains proto- 
chloride of mercury (338). (Confirm 336, 344.) 

(c) If it appears to be unaffected by the ammonia, 
it is chloride of lead (362). (Confirm 361, 363, 366.) 

(cQ If IT does not wholly dissolve (6 and c), pass the 
ammoniacal mixture through a filter, and neutralize the 
solution with nitric acid : if silver, in addition to lead 
or mercury, is present, it will be reprecipitated as chloride 
(377). (Confirm 374, 378.) 

Hyd/ro9vljphuric acid test, 

686. The solution, acidified with hydrochloric acid, and 
filtered if necessary from the precipitate, is now treated 
with hydrosvlphuric add gas, which must be passed 
through it until, after removing the delivering tube, and 
blowing the air from the surface of the solution, the letter 
smells distinctly of the gas. If no precipitate is pro- 
duced, even on boihng the mixture, pass on to (593) ; 
but if, on the contrary, A precipitate fali^, one or more 
of the metals of the fourth class are present ; if this is 
the case, the precipitate must be separated from the solu- 
tion by filtration, and washed with distilled water, until 
a drop of the washings leaves no fixed residue when 
evaporated on platinum foil, the filtered solution being 
carefully reserved for further examination (593).* 

587. If THE precipitate produced by hydrosulphuric 

* In qualitative analysis the first portions only of the washings need be re- 
tained (unless we possess only a small quantity of the substance), as the rest 
would only uselessly dilute our solution ; but in quantitative analysis, it is 
necessary to retain the whole of thom, as their rejection would occasion a 
sariooa deficienoy in the weight of the substance under examination. 
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ACID IS YELLOW, it may be owing to the presence of arsenic 
(307), or peroxide of tin (388). In this case it is advisable 
first to dry a little of the precipitate, and test it for arse- 
nic with black flux (303). If arsenic is thus found to be 
present, we may at once conclude that no bases, with the 
exception of the alkalies, can be present, because the com- 

Eounds of arsenious and arsenic acid, with all the other 
ases, are more or less insoluble in water, and consequently 
cannot exist in an aqueous solution, like that now under 
consideration. When therefore arsenic is found, the stu- 
dent may at once pass on to (601) ; and having concen- 
trated the solution, and divided it into three portions, pro- 
ceed to examine it for potash, soda, and ammonia. 

588. When arsenic is not present, or when the PREcaa»i- 

TATE caused BY HYDROSULPHURIO ACID IS ANY OTHER COLOUR 

THAN YELLOW, it must, after being well washed (586), be se- 

Earated from the filter, and digested, with the aid of a gentle 
eat for about a quarter of an hour, in a small basin with 
hydrosyZphate of ammonia. If the sulphides of antimony 
or of tin are present, they will dissolve in the hydrosul- 
phate, forming soluble double sulphides, while the sulphides 
of the other metals of the fourth class that may be pre- 
sent, will remain undissolved.* 

If the sulphides, or any portion of them remain undis- 
solved BY THE HYDROSULPHATE, the mixture must be fil- 
tered, and the insoluble portion well washed ; the solution 
wiQ then have to be examined for antimony and tin, and 
the insoluble portion for lead, bismuth, copper, and mer- 
cury, thus : — 

589. Dilute the hydrosulphate of ammonia solution with 
about an equal bulk of water, and supersaturate it with 
acetic add, which wiQ cause a precipitation of sulphur 
(440), and of the sulphides of tin and antimony if they are 
present (330). This precipitate is washed with water, dried, 
and a little of it gently ignited on platinum foil, to prove 
whether it contains anything more than sulphur, in which 
case a fixed residue is left ; while, if the whole volatil- 
izes, the examination of the matter precipitated by the 
acetic acid need not be proceeded with, and the student 

* If copper is present, which may be readily ascertained by adding ammonia 
in excess to the original solution (869), sulphide of potassium must be snbsti<^ 
tnted for the hydrosulphate of ammonia, because the latter would dissolve some 
of the sulphide of copper. 
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may pass on to (590), neither tin nor antimony being 
present. 

If, on the other hand, a residue is left on the plati- 
num FOIL after ignition, either tin or antimony (or both) 
are present ; in this case, the precipitate may be boiled for 
about half an horn* in a test-tube with strong hydrochloric 
add, and, after standing for a short time to altow the im- 
dissolved sulphur to subside, the clear solution, which may 
contain the chloride of antimony and perchloride of tin,* 
is poured off. 

(a) Dilute a portion of the hydrochloric acid solution 
with four or five times its bulk of woOer : if it becomes 
MILKY, antimony is probably present (332). (Confirm 333, 
334.) 

(6) Evaporate another portion of the hydrochloric acid 
solution to dryness, mix the residue with carbonate of 
soda, and heat it in the inner flame of the blowpipe ; if 
MAT.T.F.Am>ig METALLIC globules are thus formed, tin is pro- 
bably present (379). (Confirm 384, 386.) 

(c) To ascertain whether the tin existed as protoxide or 
peroxide, a little of the original solution may be tested 
with terchloride of gold, which gives a purple precipitatb 
with protosalts of tin (386). 

590. The portion of the sulphides which did not dissolve 
in the hydrosulphate of ammonia (588), must now be ex- 
amined for lead, bismuth, copper, and mercury. 

The precipitate is removed from the filter, into a small 
evaporating basin, and boiled with strong nitric add for 
about a quarter of an hour : the solution is then diluted 
with water, and if anything remains imdissolved, filtered. 

591. The undissolved matter may contain sulphide of 
mercury, sulphur, and sulphate of lead; the sulphuric 
acid of which will have been formed by the action of the 
nitric acid on the sulphur of the sulphides. 

{a) Heat a little of it on platinum foil ; if a white resi- 
due is left after ignition, which blackens when moistened 
with hydrosulphate of ammonia, lead is probably present 
(361). (Confirm 366.) 

(6) Mix another portion of the dried residue with car- 

* If the tin existed as protoxide, and consequently as protosulphide (SnS) 
in the precipitate thrown down by hydrosulphuric acid, it will have been con- 
verted into the persulphide (SnSs ) by the action of the excess of sulphur usually 
present in the hydrosulphate of ammonia (882). 
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bonate of soda, and heat it in a hard glass tube ; if mer- 
cury is present, metallic globules will condense in the 
upper part of the tube (336). 

592. The nitric acid solution (590) may contain lead, 
copper, and bismuth. 

(a) Evaporate the solution nearly to dryn^ss^ and dilute 
it with water; if a white precipitate is produced, bis- 
muth is probably present (394). (Confirm 395, 397.) 

{b) To the solution formed in (a), filtered if necessary, 
from the precipitate, add dilute mdphuric add; if this 
causes a white precipitate, lead is probably present (361). 
(Confirm 363, 366.) 

(c) To another portion of the clear solution (a) add 
ammonia in slight excess ; if this gives a pale blue pre- 
cipitate, which readily redissolves in excess of ammonia, 
forming a blue solution, copper is present (369). 

Hydrosidphate of ammonia test. 

593. A few drops of the solution filtered from the preci- 
pitate thrown down by hydrosulphuric acid, or which 
failed to produce a precipitate with it (586), are now eva- 
porated on platimun foi^ to ascertain whether it contain 
any other fixed base ; and if it is found to leave no resi- 
due, the examination need not be proceeded with ; but 
if A RESIDUE IS left, a small portion of the solution is 
neutrahzed with ammonia in a test-tube, and treated with 
hydrosiUphate of ammonia. If this gives NO precipitate, 
tne solution does not contain any of the metals in the 
third class, and the student may pass on to (596) ; but 
if A PRECIPITATE APPEARS, the wholc of the hquid is simi- 
larly treated, first with ammonia and then with the hydro- 
svlphate, a little muriate of a/m/monia being also added, 
unless the solution contained a decided excess of hydro- 
chloric acid, in which case, the muriate would be formed 
on neutralizing the acid with ammonia.* 

When the hydrosulphate has been added as long as it 
causes any precipitate, the Hquid is filtered, and the pre- 
cipitate well washed, until a drop of the washings, wnen 
evaporated on platinum foil ana ignited, leaves no fixed 
residue,t the clear solution being retained for further ex- 
amination (596). 

* See note to 647. t See note to 686. 
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694. The precipitate is dissolved in nitrohydrochloric 
add, heat being applied if necessary ; and if any sulphur 
remains undissolved, the mixture is filtered. The solution 
thus obtained may contain peroxide of iron, alumina, and the 
oxides of chromium, manganese, zinc, nickel, and cobalt. 

(a) Ammonia is now added in excess, which precipitates 
the peroxide of iron, alumina, and oxide of chromium, 
while the four remaining oxides, if present, are redis- 
solved. If NO PRBOiprrATE rbmainb, pass on to (695). 

(6) If A PRECIPITATE IS FORMED BY THE AMMONIA, the 

mixtiire is filtered, and the precipitate, after being washed, 
is redissolved in hyd/rochloric acid. 

(c) Potash is added in excess to the hydrochloric acid 
.solution : if this causes A precipitate which is msoLUBLE 

IN EXCESS, peroxide of iron is probably present (281). (Con- 
firm 282.) 

(d) The potash solution, filtered if necessary, fi:om the 
precipitate {c), mav contain alumina and oxide of chro- 
mium. If oxide of chromium is present, the solution will 
probably have a oreen colour, and on boiling the potash 
solution, the hydrated oxide of chromium gradually sepa- 
rates as a dark green precipitate, leaving the solution 
colourless (249). (Confirm 251, 252.) 

(e) If alumina is present, it will be precipitated from 
the potash solution on the addition of mttriate of am- 
m^onia (242). (Confirm 240, 245.) 

695. The ammoniacal solution (594 a) is now to be ex- 
amined. A drop or two are first evaporated on platimmi, 
when if no fixed residue remains, proving the absence 
of fixed bases, the examination neea not be proceeded 
with ; but if any residue is left, the ammoniacal solution 
is treated with hydrosvlphate of ammonia as long as it 
produces any precipitato. This precipitate is redissolved 
in nitrohydrochloric acid, and the solution supersaturated 
with potash. If a precipitate is formed, the mixture is 
filtered, and the precipitate washed. 

{a) The filtered solution may contain oxide of zinc. If 
this is the case, the addition of hydrosuiphuric acid to the 
potash solution throws down the white sulphide (256). 
(Confirm 260, 261.) 

(b) The precipitate (if any) thrown down by potash, 
which may contain the oxides of manganese, cobalt, and 
nickel, is warmed with a solution containing ammonia and 
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carbonate of ammonia : if any of the precipitate remainb 
UNDISSOLVED, oxide of manganese is probably present. 
(Confirm 267, 268.) 

(c) If any fixed residue is left when a drop of the am- 
moniacal liquid formed in {b) is evaporated on platinum 
foil, it may contain the oxides of cobalt and nickel. In 
this case, evaporate the solution to dryness, and test a 
little of the residue with borax before the blowpipe, for 
cobalt (299). (Confirm 296, 296.) 

(cf) Add a little hydrochloric acid to the other portion 
of the residue formed in (c), and expel the greater part 
of it by evaporation, leaving only a slight excess of acid. 
Dissolve it in water, and add a solution of cyanide of po- 
tassium until any precipitate that may be formed is en- 
tirely redissolved ; if the addition of dilute sulphuric acid 
to tne solution ^*adually causes a precipitate, nickel is 
probably present (291). (Confirm 287, 288.) 

Carbonate of ammonia test, 

696. The solution filtered from the precipitate thrown 
down by hydrosulphate of ammonia, or which failed to 
produce a precipitate with that reagent, is now to be 
tested. A few drops are first evaporated on platinum foil, 
and if no fixed residxje remains, it need not be examined 
for any other fixed bases, and ammonia only will have to be 
lookea for in addition to the bases already discovered (see 
602 for the method of testing for ammonia). 

If, on the contrary, a residue is left, the solution is 
boiled for some time to expel the hydrosulphuric acid, 
a little hydrochloric acid having previously been added 
if hydrosmphate of ammonia had been used. 
jlVH^S,HS+HCl=zNE,Cl+2RS. 

K any sulphur is precipitated in this process, it must be 
separated by filtration. 

The solution is now mixed with a little muriate of am- 
monia, unless already formed by neutralizing an excess of 
ammonia or the hydrosulphate with hydrochloric acid ; car- 
bonate of ammonia, mixed with a little ammonia (741), is 
added as long as it causes any precipitate, and the solution 
is boiled. If no precipitate is thrown down, the student 
may pass on to (598), neither lime, baryta nor strontia 
being present ; but if A precipitate falta, it is owing to 
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the presence of one or more of those bases. In this case 
the mixture is filtered, and the precipitate (which may 
contain the carbonates of the alkaline earths just men- 
tioned) is well washed, the filtered solution being retained 
for subsequent examination (698). 

697. The precipitate is dissolved in a small quantity of 
hydrochloric add; the solution thus formed is neutralized 
with ammonia, and divided into three portions. 

(a) Add to the first, sfulphate of soda as long as it causes 
any precipitate, and filter. If oxalaie of ammonia gives 
with the filtered solution a whitb precipitate, lime is 
present (216). (Confirm 219.) 

(6) To the second portion add a solution of svlphate of 
lime; if this causes an immediate white precipitate, baryta 
is probably present (226). (Confirm 228.) 

(c) The third portion is evaporated to dryness, and a 
little of the residue heated before the blowpipe ; if the 
flame is tinged with a carmine colour, strontia is pro- 
bably present (236). (Confirm 232, 233.) 

698. The liquid filtered from the precipitate caused by 
the carbonate of ammonia, or which failed to give a pre- 
cipitate with that reagent (696), is now to be examined. 
If it leaves ant residue when evaporated on platinum 
foil, it may contain magnesia, potash, and soda. 

When hme, baryta, or strontia have been detected in the 
mixture, it is always advisable to test a Uttle of the solu- 
tion filtered from tne carbonates, with oxalate of amm^mia 
and svlphate of soda, in order to see* whether tne whole of 
the three earths had been separated by the carbonate of 
ammonia : if either of the tests shews traces of them, 
the solution is to be again boiled with a fresh addition 
of ammonia and carbonate of ammonia, imtil the whole 
of them is removed. 

699. A httle of the ammoniacal solution, moderately 
concentrated, is now tested with phosphate of soda; if this 
causes a white crystalline precipitate, magnesia is pre- 
sent (206). (Confirm 208, 209.) 

600. If MAGNESIA IS NOT PRESENT, the ammoniacal solu- 
tion is evaporated to dryness, and the residue ignited to 
expel the ammoniacal sauts ; the residue is then dissolved 
in as small a quantity as possible of water, and the solu- 
tion divided mto three portions, to be tested according 
to the directions given in (601). 

M 
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When magnesia is present, it is necessary to separate 
it from the solution, by some reagent which does not con- 
tain soda, since that a&ali has stUl to be sought for in the 
solution. In such a case, the following is the best method. 
The remaining portion of the ammoniacal solmtion is 
eya{)orated to dryness, and the residue i^ited in a small 
platinum crucible to expel the ammoniacal salts. The 
fixed matter is dissolyed!^ in a little water, treated with 
a saturated soltttion of cavMic ba/ryta, and allowed to 
stand some little time, to cause the whole of the magnesia 
to precipitate (208). The mixture is then filtered ; dilute 
stdphuric add is added in very slight excess to the clear 
solution, to throw down the wnole of the baryta ; and the 
liquid after boiling, is filtered. The filtered solution is 
eyaporated to dryness, to expel the excess of sulphuric 
acid ; and the residue is gently ignited ; this is redissolved 
in the smallest possible quantity of water, and the solution 
diyided into three portions. If no residub is left after 
the ignition, neither of the fixed alkalies is present. 

601. (a) The first portion is tested with bichloride of 
platinunif for potash (185). 

(6) The second portion is acidified with tartaric acid, 
also for potash (186). 

(c) The third portion is tested with antimoniate of 
potash, for soda (189). (Confirm 188, 190.) 

602. As the substance under examination has to be 
ignited during the analysis, it is of course impossible that 
ammonia can be detected with the other alkalies in the 
process now described. A portion of the origmal solution 
IS therefore to be mixed with an excess of caustic potash 
and warmed ; if ammonia is present, it may be detected 
by the smell, or by holding a rod moistened with hydro- 
chloric acid, near the mouth of the test-tube (195). 



SECTION n. 

Examination for the acids, 

603. The original solution of the substance is first ex- 
amined with litmus and turmeric paper ; if it has an acid 
reaction, a little of it is tested in the manner described 
in (535 b), and if it is found to owe its acid reaction to 
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the presence of free acid, the solution must be carefully 
neutralized with dilute potash; but if it is only a me- 
tallic salt which caused it, the solution may be considered 
neutral If on the other hand, the liquid has an alkaline 
reaction; which may be owing to the presence either of 
a free alkali or of alkaline carbonates or hydrosulphates, 
it must be rendered perfectly neutral by hydrochloric add, 
and boiled, to expel carbonic or hydrosulphuric acids if 
either are present. 

604. To a small portion of the original solution add 
hydrochloric acid in excess : if this causes effervescence, 
carbonic and hydrosulphuric acids may be present. If no 
EFFERVESCENCE takes piacc, pass on to (605). 

(a) If the GAS IB INODOROUS, or when passed into lime 
water causes a white precipitate, carbonic acid is present 
(419, 420). 

(6) If the gas has a disagreeable smell, and when 
passed into a solution of acetate of lead causes a black 
or brown precipitate, hydrosulphuric acid (sulphur) is pro- 
bably present (438). (Confirm 439, 444.) 

Nitrate of baryta test, 

605. Add to the original solution of the substance, neu- 
tralized if necessary (603), nitrate of baryta as long as it 
causes any precipitate. If no precipitate is formed, pass 
on to (607). The mixture is filtered, and the precipitate 
washed, the dear solution being reserved for further ex- 
amination (607). The precipitate may contain sulphuric, 
arsenic, arsenious,*^ phosphoric, boracic, and siHcic acids, 
in combination with baryta. 

{a) The precipitate is heated with strong Iwdrochloric 
add, and the mixture evaporated to dryness. The residue 
is again warmed with hydrochloric acid, and the Uquid, 
itfber boiling, is diluted with a little water, and filtered 
if ANTTHiNG REMAINS UNDISSOLVED, in which casc sulphuric 
and silicic acids may be present. 

(6) Add an excess of hydrochloric or nitric add to a 
small portion of the origmal solution, and then a few 
drops of nitrate of baryta : if this causes a white precipi- 

* If arsenionB or arsenic acids are present, thej will hare been already 
detected in the course of the examination for bases (587). 
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TATE, insoluble when the mixture is heated, sulphuric acid 
is present (403). (Confirm 405, 406.) 

(c) To another small portion of the original solution 
add hydrochloric add, and evaporate the solution to dry- 
ness : if any of the dry residue is inboluble m hydro- 
chloric ACID, silicic acid is probably present (425). 
(Confirm 427.) 

606. The hydrochloric acid solution (605 a) may con- 
tain phosphoric and boracic (as well as arsenious and 
arsemc) acids, the compounds of those acids with baryta 
being soluble in hydrochloric acid. 

(a) Test a httle of the original neutral solution with mu- 
riate of arwnhonia and svlphxite of magTiesia /* if a crystal- 
line PRECIPITATE is formed, either immediately or after 
standing a short time, phosphoric acid is probably present 
(409). (Confirm 410, 412.) 

(6J Add a little miphwric add to a small portion of the 
original solution, or of the substance in the solid state, 
ana evaporate the mixture to dryness. Treat the residue 
with alcohol, and after allowing it to digest a short time, 
set fire to it in a dark place : if the flame of the alcohol 
IS COLOURED GREEN, boracic acid is probably present (418). 
(Confirm 416, 417.) 

Nitrate of silver test. 

607. The solution filtered from the precipitate caused 
by nitrate of baryta, or in which that reagent failed to 
produce a precipitate (605), is now examined. It may 
contain hydrochIoric,t hydriodic, nitric, and chloric acids ; 
and in addition to these, in case the original solution was 
dilute, or contained ammoniacal salts, traces of boracic, 
arsenious, and arsenic acids. The solution is treated with 
nitrate of silver : if any precipitate is produced, the mix- 
ture is filtered, and the clear solution reserved for subse- 
quent examination (608). 

(a) Add an excess of ammonia to the precipitate ; if 

* If the BubBtance has been found to contain any base that causes a precipi- 
tate with sulphuric acid (see Table of Solubilities in the Appendix), chloride 
of magnesium must be used instead of the sulphate. 

t If hy^ochloric acid has been used to neutralize the solution (603), it will 
of course be precipitated here, so that it will be necessary to test a little of the 
original solution, neutralized with nitric addt to ascertain whether any hydro- 
chloric acid or chlorine is present in it. 



NITRATE OF SILVER TEST. 165 

rr DOES NOT WHOLLY DISSOLVE, hydriodic acid (iodine) is 
probably present (433). (Confirm 435, 436.) 

(b) Tne ammoniacal solution formed in (a) is super- 
saturated with nitric acid : if a white curdy precipitate 
is thrown down, hydrochloric acid (chlorine) is probably 
present (429). (Confirm 430, 431.) 

(c) The acid solution formed in (b) may contain traces 
of arsenious, arsenic, and boracic acids. TTie first two 
will? if present, have been already found in the examina- 
tion for the bases; the latter may be detected in the 
maimer described in (606 b). 

608. The solution filtered from the precipitate thrown 
down by nitrate of silver, or in which that reagent failed 
to produce a precipitate (607), may contain nitric and 
chloric acids ; but as nitric acid has been added to it in 
the nitrates of baryta and silver, some of the original solu- 
tion must be used in this part of the examination. 

(6) To a small portion of the original solution, add svl- 
phwric acid and copper flings : if orange fumes are dis- 
engaged, nitric acid is probably present (448). (Confirm 
449, 450.) 

(6) Moisten a portion of the original substance in the 
dry state, with strong svlphuric <zctd : if a greenish gas 
is evolved, chloric acid is probably present (457). (Con- 
firm 454, 455, 456.) 



CHAPTER VII. 

qualitative ANALYSIS OF A MIXTURE OF TWO OR MORE 
SAI/ES, WHICH MAY CONTAIN ALL THE BASES AND INORGANIC 
ACIDS IN THE LIST (179), AND WHICH IB INSOLUBLE, OR 
NEARLY SO, IN WATER, BUT READILY SOLUBLE IN HYDRO- 
CHLORIC, NITRIC, OR NTTROHYDROCHLORIC ACID (530). 

SECTION L 

Examination for the bases, 

609. When it has been found necessary to use a^ large 
excess of acid to dissolve the substance, it is advisable. 
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before beginning the analysis, to expel the greater part 
of it by evaporation ^561). 

610. When the suDstance has been dissolved in hydro- 
chloric acid or nitrohydrochloric acid, it is unnecessary 
to examine it for silver or protoxide of mercury, because 
the corresponding chlorides of those metals are insoluble 
in hydrochloric acid. When the solution has been made 
in mtric acid, a little hydrochloric acid is first added to 
the solution: if this causes no precipitate, pass on to 
(611) ; but if A WHITE precipitate is produced, silver, 
protoxide of mercury, and lead may be present. In this 
ease add hydrochloric acid as long as it caiises any further 
precipitate, filter, and examine the precipitate with am- 
monia, as already described (585), the solution being re- 
tained for further examination (611). 

611. When nitric acid has been used in dissolving the 
substance, either alone or in conjunction with hydrochloric 
acid, it is advisable to expel it before proceeding to test 
the solution with hydrosulphuric acid; because when 
nitric acid is present in a solution, the hydrosulphuric 
acid is oxidized by it, and is thus prevented from acting 
in the usual manner on the metallic oxides present. The 
solution containing nitric acid should therefore be mixed 
with an excess of hydrochloric acid, filtered if necessary, 
and evaporated nearly to dryness. The concentrated solu- 
tion is then diluted with water, and if any milkiness is 
PRODUCED on dilution, owing to the presence of anti- 
mony, bismuth, or tin, it may be disregarded, as it will 
not interfere with the action of the hydrosulphuric acid. 

Mydrostdphuric acid test, 

612. Hydromtphuric ctcid ^as is now passed through 
the dilute acid solution, until it is saturated ; if this causes 
NO precipitate, even when the mixture is boiled, pass on 
to (614) ; but if A precipitate is produced, it is owing 
to tne presence of one or more metals of the fourth class. 
The precipitate is to be separated by filtration, and washed 
as long as a drop of the washings leaves any fixed residue 
when evaporated on platinum foil ; the clear liquid being 
retained for subsequent examination (614). 

613. The precipitate, which may contain the sulphides of 
all the metals in the fourth class, after being well washed, 
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is digested with hydrosvlphate of ammonia^ and the por- 
tions, both soluble and insoluble in the hydrosulphate, are 
examined in the manner described in (588 to 692). 

As, however, in this case, arsenic may coexist with any 
of the other bases of the fourth class (such compound 
being for the most part soluble in acids), it is necessary to 
examine the precipitate thrown down by acetic acid from 
the solution of the sulphides in hydrosulphate of ammonia, 
FOB ABSENic, as wcll as for antimony and tin. This may 
be easily done by applying the reduction test (303). 

Hydromtphate of ammonia test, 

614. The solution filtered from the precipitate thrown 
down by hydrosulphuric acid, or which failed to produce a 
precipitate with it (612), is now treated with ammonia and 
iiydrosvlphate of ammmda, and examined according to the 
directions given in (593 to 595). As, however, a mixture 
such as we are now considering, which is insoluble in water, 
may contain the eabtht phosphates, those compounds, if 
present, will be thrown down by the ammonia and hydi-o- 
sulphate (564), and it is necessary to examine the precipi- 
tate for hme, magnesia, baryta, and strontia, in addition to 
the metals belonging to Class III. These earthy phosphates, 
if present, will be thrown down by potash, together with 
any iron that may be present (594, c) : that precipitate 
may consequently contam peroxide of iron, together with 
the phosphates of lime, magnesia, baryta, and strontia. 

(a) The precipitate (594, c) is dissolved in hydrochloric 
acid, and to a small portion of the solution thus formed, 
ferrocyanide of potassium is added ; if this causes a blue 
pbecipitate, peroxide of iron is present (282). 

(b) To the rest of the solution, perchloride of iron is 
added, and afterwards an excess of amjnonia ; this throws 
down the whole of the iron as hydrated peroxide, which 
carries with it in combination, any phosphoric acid that 
may be present ; while the solution contains, in the form of 
chlorides, the alkaline earths which were previously com- 
bined with phosphoric acid (569). 

(c) The liquid thus obtained is tested, after filtration, for 
fixea bases, by evaporating a drop on platinum foil ; and if 
A besidue is left, the solution is examined for lime, 
baryta, strontia, and magnesia, carboruUe and muriate of 
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ammonia being added, and the precipitate and solution 
treated in the manner described in (697 to 599). 

Carbonate of ammonia test, 

615. The solution filtered from the precipitate caused by 
hydrosulphate of ammonia, or in which that reagent failed 
to produce any precipitate, is now examined for the alkaline 
earths and alkalies, in the manner already described in the 
case of substances which are soluble in water (596 to 602). 



SECTION n. 
Examination for the adds. 

616. A little of the substance under examination is mixed 
with strong hydrochloric acid : if effervescence takes 
PLACE, carbonic and hydrosulphuric acids may be present. 

(a) If the gas which is evolved causes a white precipi- 
tate when passed into lims water, carbonic acid is present 
(419, 420). 

(6) If the gas causes a black or brown precipitate 
when passed into a solution of acetate of lead^ hydrosulphu- 
ric acid (sulphur in a sulphide) is present (438). (Confirm 
444.) 

617. The solution of the substance in hydrochloric acid 
is now examined for sulphuric, phosphoric, and silicic 
acids. 

(a) A portion of the hydrochloric acid solution is tested 
with chloride of baidum; if this causes a white preci- 
pitate, which is insoluble when warmed with an excess of 
hydrochloric acid, sulphuric acid is present (403). (Con- 
firm 405, 406.) 

(6) A little of the hydrochloric acid solution is evapo- 
rated to dryness, and the residue treated with hydro- 
chloric add; if a white insoluble powder is left, which, 
when washed, and heated before the blowpipe with car- 
bonate of soda, fuses into a transparent colourless bead, 
silicic acid is present (425, 427). 

(c) Phosphoric acid may be detected in the following 
manner. To a portion of the hydrochloric solution, per- 
chloride of iron is added, and then ammonia in slight ex- 
cess ; th^ precipitate thus produced is well washed on a 
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filter, digested, with the aid of a gentle heat, in hydro- 
sulphcUe of cummonia, and filtered. If the solution thus 
obtained gradually throws down, when concentrated, a 

WHITE CRYSTALLINE PRECIPITATE with SvlphcUe of mCMnesio^ 

phosphoric acid is probably present (409, 413). ((Jonfirm 
410, 412.) 

618. A portion of the substance is treated with strtmg 
nitric acid, and, if necessary, warmed. 

(a) If ORANGE FUMES ARE EVOLVED, and a pale yellow 
deposit of sulphur is produced, a metallic sulpnide is pre- 
sent (439). (Confirm 444.) 

(b) Add to the nitric acid solution a few drops of nitrate 
of silver; if this causes a precipitate, wash it on a filter, 
and digest in ammonia. K a white curdy PRECiprrATE is 
thrown down when the ammoniacal solution is neutralized 
with nitric acid, hydrochloric acid (a metaUic chloride) is 
present (429). (Confirm 430, 431.) 

619. Test a little of the substance for boracic acid in the 
manner described in (606, b). 

620. If the substance disengages violet coloured 
FUMES, when warmed with strong sidphuric acid, iodine (a 
metallic iodide) is present (436). 

621. Place a fragment of the dry substance on ignited 
charcoal : if this occasions deflagration, nitric acid is pro- 
bably present (447). (Confirm 448, 450.) 

622. Chloric acid need not be looked for in compounds 
which are insoluble in water, since all the chlorates are 
readily soluble. 



CHAPTER VIII. 



qualitative analysis of a MIXTURE OF TWO OR MORE 
SAI/D8, WHICH MAY CONTAIN ALL THE BASES AND INOR- 
GANIC ACIDS IN THE LIST (179), AND WHICH IS INSOLU- 
BLE, OR NEARLY SO, IN WATER AND ACIDS. 

623. The compounds most likely to be found in such a 
mixture, are those enumerated in (578). The best method 
of rendering such a substance soluble, is to fuse it with 
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carbonate of soda (580), either in a platinum or porcelain 
crucible. K any metals of the fourth class are present, 
which may generally be ascertained by moistening a small 
fragment of the substance with hydroavlphate of ammonia 
(579), it is safer to use a porcelam crucible.* When this 
is done, a httle sihca ana alumina will generally be dis- 
solved from the crucible by the action of the soda, and will 
appear in the course of the analysis. 

624. The fused mass is treated with water, filtered, and 
the aqueous solution, which contains chiefly the excess of 
the carbonate of soda used, and some of the acids of the 
insoluble mixture, must be examined, according to the di- 
rections given for the analysis of a mixture soluble in water 
(585, &c.). 

625. The portion of the fused matter which is insoluble 
in water will generally be found to dissolve, when digested, 
for a few hours, with the aid of a gentle heat, in dilvie 
hyd/roMoric or nitric add; after wluch the acid solution 
must be examined, according to the directions given for the 
aaialysis of a mixture which ia insoluble in water, but 
soluble in acids (609, &c.). 

626. When the insoluble substance has to be examined 
for alkahes, as in the case of many siliceous minerals, 
it must be rendered soluble by fusion with carbonate of 
baryta or lime. As, however, the analysis of such sub- 
stances is attended with difficulty, the details of the pro- 
cess need not here be considered.T 

* See note to 580. 

t See Hose, " Analyse Chimique," torn. i. p. 611; ii. 882; also Pamell's 
" Elements of Chemical Analysis/' p. 403. 



PART IV. 



QUANTITATIVE ANALYSIS. 



Introductory Rema/rks, 

627. In the processes which I have now described, the 
object of the experimenter has been to asceriiain what sub- 
stances are present m a given salt or mixture of salts, 
which branch of analysis is called qvMitative, I will now 
detail a few processes which have for their object the 
determination of the quantity of the ingredients of saline 
compoimds: this branch of analysis is called quantitative. 
It is not my intention to enumerate the methods which 
have been devised for the separation and estimation of all, 
even of the more common compounds, but merely to give 
the student a general idea of the subject, by conducting 
him through a few simple examples of quantitative ana- 
lysis, referring him, if lie wishes for more extended in- 
K)rmation, to the larger works of Kose, Fresenius, and 
Pamell.* 

628. I will first briefly describe some of the more im- 
portant operations which have to be performed in the 
course of a quantitative analysis ; and the student must 
bear in mind that the more care he bestows upon them, 
the more correct will be his results ; as the loss of a single 
drop of liquid, or the presence of a very small quantity of 
soluble matter left in precipitate, owing to carelessness in 
washing, wiU often occasion serious errors. 

* '"Traits Pratique d'Annlyse Chimiqne, par H. Bose," of which an English 
translation bj Dr. Normandy has recently appeared. 

*' Chemical Analysis, Qualitative and Quantitative/' by C. B. Fresenius, 
translated by Bullock. 

*' Elements of Chemical Analysis/' by E. A. PamelL 
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CHAPTER L 

OFEBATIONS IN ANALYSIS, 

PiUveriiation. 

629. Most subatancea may be reduced to Bufficiently fine 
powder for analysis, by pounding in a common Wedgwood 
mortar: in some cases, however, it is first neceaaary to 
break the subatau<« into small fragments, in one of iron or 

C -metal ; or in default of thia, the eubatance may be 
ely wrapped iu strong browu paper, and struck with a 
hammer. When the substance is difficult of solution, as in 
the caae of some siliceous minerala, it is sometimes necea- 
aary to reduce it to an impalpable powder, in a small agat« 
mortar ; and on the fineneaa of thia pulverization the auc- 
oesa of an analysis often depends. 

630. Many subatances, eepecially when in the state of 

powder, absorb rooiaturc from the 
i atmosphere, which, of course adds 
. to thett weight. Before weighing 
out accuratdy the quantity of the 
substance for analysis, it is there- 
fore necessary to deprive it of 
' this hygroscopic moisture. Thia 
is generally done by heating it in 
a small basin on the wat«r-bath 
or sand-bath, care being taken 
that the heat doea not rise bo 
~ high as to cause decompoaition. 
^ The hot water box shewn in the 
3^a«a^^^^^^^^K figure ia very convenient for drying 
substances at a low temperature : 
all the sides are made hollow and fiUed with water, ao that 
the temperature inside neverriaes higher than 212°. When 
a Bubstance thus exposed ceaaea to lose weight, on being 
weighed at short intervale, it may be considered auf&ciently 
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dry. By using saline solutions, which boil at a higher tem- 
perature than water, a steady heat, considerably higher, 
may be obtained (647). 

Weighing, 

631. Either 20, 25, or 33.3 grains, will generally be found 
the most convenient quantity to take for quantitative ex- 
periments, regard beinc had to the number of constituents 
to be estimated, and the quantity of the substance at our 
disposal. The quantity may depend also on the method we 
intend to pursue, whether we propose to estimate all the 
ingredients from the same portion, or from two or more 
separate portions of the substance. If 20 grains are used, 
the results, multiplied by five, will give the percentage; or 
if 25 or 33.3, they must be multipUed by four or three. For 
most purposes, the student will find a balance that is 
capable of weighing within one-tenth of a grain, sufficiently 
accurate ; and it should be furnished with weights from 
one-tenth of a grain to 1000 grains. A substance should 
nevec be weighed while warm, as it causes an upward cur- 
rent of air in its vicinity, which tends to buoy it up, and 
makes it appear to weigh lighter than it really is. In quan- 
titative analysis, it is, of course, necessary to avoid the 
slightest loss in the weighed portion, as a deficiency in the 
weight of the ingredients would be the consequence, and 
the accuracy of the analysis seriously interfered with. Most 
substances in the state of fine powder, especially after hav- 
ing been recently ignited, are veir prone to absorb moisture 
from the air ; to obviate this, wnich would add materially 
to their weight, such substances should be weighed in a 
covered crucible, as soon as possible after cooling. 

Solution, 

632. Before the in^edients of a substance can be deter- 
mined, either quahtatively or quantitatively, it is necessary 
to bring the substance into solution. For this purpose, 
water is to be preferred when the substance dissolves 
readily in it ; ana in the case of those compounds which 
are insoluble in water, one of the acids (generally hydro- 
chloric) is employed, which has been found, in the course 
of the preliminary exainination, to be the best adapted for 
the purpose. 
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The dissolution of a substance is almost invariably as- 
sisted by heat, so that it is always advisable to use a vessel for 

the purpose, which 
can be heated over 
a lamp without dan- 
ger of fracture, as 
a small Berlin por- 
celain dish or glass 
flask. The latter 
^has the advantage 
of preventing loss by 
ebullition or spurt- 
ing, as any particles 
of liquid that may 
be projected from 
the surface during 
ebullition,fall against 
the inner surface, and run back into the flask, especially 
if it is placed in an inclined position over the lamp. Occa- 
sional stirring facilitates the solution, and, as a general 
rule, the more finely the substance has been pounded, 
the more readily it dissolves. When a substance has 






to be digested in acid for a length of time, with the aid 
of heat, the evaporation of the acid may be in a great mea- 
sure prevented, by placing a small glass ftmnel in the 
mouth of the flask; the acid condenses, and runs back into 
the flask. 
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Precipikaion. 

633. When a substance is obtained in solution, the 
various compounds present are in most cases separated 
for the purpose of estimation, by adding to it some solu- 
tion, which causes one or more of the ingredients to preci- 
pitate in the solid state ; as, when we wish to estimate the 
quantity of sulphuric acid in any solution, we add to it a 
solution of chloride of barium, which, if added in sufficient 
quantity, causes the whole of the acid to precipitate in the 
form of sulphate of baryta (403), which, being insoluble in 
water, may be washed without loss, and when dry is 
weighed ; the weight of the sulphuric acid which it con- 
tains may then be calculated from it (652). 

Precipitation is usually 
effected in upright glasses 
of the forms shewn in the 
figure. When precipitat- 
ing a substance in quan- 
titative analysis, it is 
important that sufficient 
of the precipitant is added to throw down the whole of the 
substance affected by it, as otherwise a deficiency in weight 
would be occasioned : this is easily ascertained by addmg 
a drop of the precipitant to the solution filtered irom the 
precipitate, which will cause a further precipitate if suffi- 
cient had not before been added. When the precipitate is 
at all soluble, as the bitartrate of potash or ammomo-phos- 
phate of magnesia, it is always advisable to allow the mix- 
ture to stand several hours before filtering, in order to 
ensure the separation of the whole of the required salt 
(184). When the whole of the precipitate is thrown down, 
it is separated from the solution either by filtration or de- 
cantation (634, 643). 

FiUraMon. 

634. The process of filtration is that most commonly 
adopted for separating a precipitate from the solution in 
which it was formed. The paper best adapted for the pur- 
pose is a thin white blotting paper, which should be free 
from visible holes, and should leave, when burnt, only a 
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minute trace of inorganic matter. Such a paper may be 
purchased at any of the respectable dealers in chemical 
apparatus. It is convenient to keep a stock of filters ready 
cut, of a circular form, and of sizes varying from three to 
ten inches diameter. These may be made by having cir- 
cular pieces of tin plate of the different sizes, and scoring 
round them with a pencil upon the paper, when sevenQ 
sheets may be cut through at once with scissors. 

635. The filter, 
when required for 
use, is folded twice 
at right angles (66), 
opened out into a 
conical form, and 
placed in a glass 
funnel, the sloping 
sides of which should open at an angle of about 60°, when 
it will be found to matcn the form of the folded filter, and 
will support it uniformljr throughout. When placed in the 
funnel, the paper is moistened with water, for the purpose 
of causing the fibres to expand, and thus diminishing the 
size of the pores, without, at the same time, choking them 
with solid particles : if this is not done, and a solution 





mixed with a precipitate is poured into the dry filter, some 
of the finely (fivided particles 9f the precipitate are drawn 
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into the pores by capillary attraction, and tend to prevent 
the passage of the clear solution through them. The filter 
should never be allowed to reach higher than the top of 
the funnel, as otherwise the weight of the liquid might 
cause the paper to give way ; and there would also be 
danger of some of the solu- 
tion running down the out- 
side of the funnel, after 
passing through the project- 
ing paper. When the filter is 
thus prepared, it may be sup- 
portea either on the ring of 
a retort stand (for which the form shewn at a is very 
convenient), or on a perforated block of wood placed on 
the glass intended to catch the filtered solution (169), the 
hole being made to fit the funnel, as shewn in the section. 
636. The solution to be filtered, should be poured gently 
down a glass rod, so 
as to fall on one of the 
slanting sides of the 
filter, and not into the 
apex, as that would 
endaiiger the bursting 
of the paper, and cause 
splashing. When the 
whole of the mixture 
has been poured on the 
filter, freshwater should 
not be added for the 
purpose of washing, un- 
til the whole of the 
solution has passed 
through ; then, by 
means of a washing- 
bottle (94), the pre- 
cipitate left on the 
filter is well washed ; 
the current of water 
being applied first towards the upper part of the filter, 
and directed gradually downwards. When the filter has 
been thus nearly filled up with water, allow the whole to 
run through before adding any more, and then repeat the 
washing, until a drop of the filtered liquid leaves no fixed 
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residue when evaporated and i^itad on platinum foil. If 
the precipitate, woile standing in the filter, cakes together 
into lumps, these must be broken up, by directing upon 
them a strong current of water from the washing-bottle, as 
otherwise the water would not penetrate them, and some 
of the soluble matter would escape removal. 

637. It is sometimes 
necessary to keep the mii- 
ture hot during filtration, 
to prevent any of the solu- 
ble ingredients solidifying : 
this may be done very con- 
veniently, by placing the 
funnel in a zinc or cop- 
_ l>er box of the form shewn 
' in the figure, which may be 
kept full of hot water, and 
boding, if necessary, over 
^^^i^9!^^B^^^^^^^^BK a, lamp. 

638. The liquid is generally filtered into a beaker glass, 
and occasionally into flaaks or dishes : it is always advis- 
able to cause the stream to run gently down the side of 
the vessel, and not to fall drop by drop into the centre 
of the glass, as this would cause splashing and probably 
some loss. It occasiottaU;^ happens that some of the pre- 
cipitate passes through with the filtered solution, as may 
be seen in the case of freshly precipitated oxalate of 
lime or sulphate of baryta. When this takes place, it 
is sometimes necessary to pass it through the filter twice 
or three times, before it comes through quite clear. This 
may, however, in most cases be obviated by boiling the 
mixture before filtering, wMch causes the finely divided 
particles of the precipitate to aggregate together. The pre- 
sence of some saline matters in solution, also, sometimes 
prevents a precipitate passing through ; muriate of ammo- 
nia, forexample, eserta this property with sulphate of baryta. 

639. When the precipitate on the filter is completely 
washed, the fimnel, with its contents, is placed on a small 
tripod, or retort stand, on the warm sand-bath, or near a 
fire, when the precipitate will gradually dry ; it may then 
be separated from the filter, ignited in a small platinum or 
porcdain crucible (648), (unless decomposable at a high 
temperature,) and weighed. 



fh/tration. 



179 



640. In cases where the quantity of the precipitate is 
very small, and where it will not bear a red heat without 
decomposition, it is often convenient to use two filters for 
the purpose : they should be folded up together into the 
proper form, and a hole of about an inch in diameter is 
then cut with scissors in the centre of the outer one ; the 
inner one is then clipped round the edge, until it weighs 
exactly the same as the other, when they will, of course, 
accurately counterpoise each other. They are then again 
placed one inside the other, the perforated one being out- 
side, after which, the mixture may be filtered through 
them, washed, and dried. When dry, they are separated, 
and placed in the opposite scales of the balance, when the 
difference in weight will give the weight of the precipi- 
tate, that of the paper being the same in both. 

641. The precipitate may also be weighed in a single 
filter, which should be placed in a covered porcelain cru- 
cible of known weight, dried at 212°, and weighed before 
the mixture is poured in. When the precipitate on the 
filter has been thoroughly washed, the latter is placed in 
the crucible, dried as before, and as soon as it is cold, again 
weighed, when the increase in weight will, of course, be 
that of the precipitate. 

642. It is often necessary, before weighing a precipi- 
tate, to bum the filter contaming it. After the greater part 
of the precipitate — ^ 

has been removed, . J 

the filter is held 
with a pair of pliers, 
and set fire to, over 
the platinum cru- 
cible in which the 
precipitate is to be 
ignited, the crucible 
^ing placed in a 
basin, in case any of 
the ashes should fall 

over its sides ; these are then collected and ignited in the 
crucible (648), together with the portion of the precipitate 
t)reviously removed from the filter, imtil the whole of the 
charcoal derived from the paper is burnt away. In cases 
of great accuracy, the weight of the paper ashes, ascer- 
tained by weighing those derived from a similar filter, must 





be deducted from the gross weight ; when the paper is 
good, however, it does not contain more than one to three- 
thousandths of its weight of inoreanic matter, so that this 
precaution is scareely necessary in ordinary cases of ana- 

DecarUaiion. 

643. When a precipitate is found to subside rapidly to 
the bottom of the liquid, and when it is known to De very 
insoluble in water, it may be washed by decantation, in- 
stead of on a filter, and, m many cases, this is the more 
expeditious method. The mixture ia pUced in an upright 
jar or beaker, which ia then filled up with water, and 

allowed to stand until 
the precipitate has sub- 
sided to tne bottom, leav- 
ing the superincumbent 
liquid clear. The latter 
is then removed with a 
syphon, or carefully pour- 
ed off, and the jar i^ain 
r filled up with distilled 
water, the process being 

repeated until all the 

soluble matter has been 

removed. The wet precipitate is then placed upon a filter, 

or dried in a dish, and weighed. 

Hvaporation. 

644. The process of evaporation is generally most con- 
veniently effected in Berlin porcelain evaporating basins, 
either on a sand-bath or over a lamp, a loose cover of 
filtering paper being placed over it, if necessary, to prevent 
particles of dust falling into the liquid. Care must be 
taien, ia quantitative eiperiments, tnat no loss is occa- 
sioned by spurting, and, on this account, it is safer not to 
allow the liquid absolutely to boil. When a saline solution 
has to be evaporated to dryness, it often becomes covered, 
when concentrated, with a pellicle of solid matter, which 
prevents the escape of the steam, which, being thus con- 
fined, occasionally causes some of the mixture to be pro- 
jected violently from the basin. The best way of avoidhig 



this, is to stir the mixture conatantly with a glass rod, from 
the time when the pellicle begins to fona, until it is evapo- 
rated to di^esa. 

645. It w often advisable, and in the case of many 
liquids, as those containing organic matter, necessary, to 
evaporate over 

a water-bath, -' 

by which means (^^: 
the heat is r" ^ 




may be employed, placing the dish containing the solu- 
tion over the top, aa shewn in the figure so as to expose it 
to the action of the steam. For the laboratory a conve- 
nient form of water-bath is ahewn in the figure it may bo 
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made of copper or zinc plate, and the holes should bo fitted 
with lids, to cover them when not wanted 

646. A convenient method of drvmg cerlam substances 
which are hable to decomposition at a shghtlj elevated 
temperature, is to plaee 



them under the 
ceiverof the air-pump, 
a, over an open pan of 
strong sulphuric acid, _ 
b; the latter absorbs 
the moisture which 
rises from the sub- 
stance, and a gradual _ 
and complete dessi- - 
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cation may be effected at ordinary temperatures. The 
dishes or tubes containing the substance to be dried, may 

be placed on a sheet of perforated 
zinc, c, resting on the pan of acid. If 
^ an air-pump is not at hand, the same 
effect may be produced, though more 
slowly, by placing the receiver in- 
closing the substance and acid upon 
a flat plate of glass ; or the temporary 
arrangement shewn in the figure may 
be adopted, a being a beaker contain- 
ing sulphuric acid, over which the 
substance to be dried is suspended 
in the dish e. Owing to the slow- 
ness of the evaporation, this method is well adapted for 
obtaining large and well defined crystals from saline solu- 
tions, &c. 

647. When a uniform temperature is required, higher 
than 212°, it may be obtained by immersing the dish or 
flask containing the substance to be evaporated, in a bath 
of oil or some saline solution, the boiling point of which is 
near the desired temperature. Olive oil may be heated to 
nearly 600° without suffering much decomposition, and 
forms an extremely useful bath for many purposes, since, 
bjr regulating the lamp, and placing a thermometer in the 
oil, any lower temperature can readily be kept up. The 
following list shews the boiling points of a few saturated 
saline solutions, which wiU occasionally be found useftd for 
this purpose : — 



boils 



A saturated solution (at 60°) of 
Bitartrate of Potash 
Sulphate of Copper 
Chlorate of Potash 
Carbonate of Soda . 
Alum 
Borax 

Chloride of Sodium 
Chloride of Calcium 
Tartrate of Potash 
Muriate of Ammonia 
Nitrate of Potash 
Bochelle Salt (Tartrate of Potash and Soda) 



» 



at 214° 
216° 
218° 
220° 
220° 
222° 
224° 
230° 
234° 
236° 
238° 
240° 



A saturated solution (at 60°) of 

Nitrate of Soda .... boils at 246° 
Acetate of Soda „ SSO"* 

Ignition. 
648. It is generally Deceasaiy, prerious to weighing a 
precipitate, in quantitative analysis, to heat it to redness, 
m onier to insure perfect dryness. This is usually done 
in a weighed platinum or porcelain crucible, either in 
a furnace or over a lamp. When the crucible is to be 
heated in the furnace or open fire, it should be enclosed 
in one of earthenware, to protect it from contact with the 
coals and dirt, a little int«nesia being interposed btrtween 
the two (note to 580), If the hd is made of the form 



n 




shewn in the figure, it may also be used aa a capsule, 
independently oithe crucible. 

6^. When gas is available, scarcely any other source 
of heat is necessary for the purpose. A small platinum 
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crudbte may be heated to low redaesa over the naked 
flame, resting on a small wire triangle placed oa the top 
of the chimney. 

A mixture of gaa and air, however, gives a more in- 
tenae heat, owing to the more perfect oxidation of the 
combustible matter : such a mixture is easily obtained 
by placing a small piece of wire gauze over the chimney, 
ana applying a light to the mixture as it rises throu^ 
the gauze. The crucible may be supported on a wire 
triangle, or in a jacket of thin iron plate, a. 

650. Mr, Solly has recently contJived a very convenient 
form of lamp, in which he mixes air with the gas by 
means of apair of double 
bellows, forming a se- 
ries of blowpipe jets, 
the combined action of 
which ia very powerful, 
and ia capable of keep- 
ing a hu^ platinum 
crucible almost white 
hot for any length of 
time. The gas pipe a 
joins the tube b, bringing air from the bellows placed 
underneath, forming in c an inflammable mixture: this 
bums as it issues from the apertures in the buraers, 
the number of which may be multiphed to almost any 
extent. The crucible may atand on a wire triangle 
resting on the circle, and 
the whole may be sur- 
rounded by a jacket of thin 
iron plate, to prevent loss 
of heat by radiation. 

651. When gas cannot 
be had, the best lamp for 
heating a small platinum 
crucible to redness, ia that 
known as Rose's, the form 
of which is shewn in the 
figure : either alcohol < 
lyroij^Uc spirit may ■ 




pyroiyUc 
burnt in il 
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Calcvlation of remits, 

652. When the weight of a precipitate has been ascer- 
tained, it is necessary to calculate that of the constituent 
whose weight we wish to learn, and this is readily done 
according to the well known laws of combination in defi- 
nite proportions.* 

For example, let us suppose that we have to determine 
the percentage of sulphuric acid (SO3) in dry sulphate of 
soda (NaOySOg) : we dissolve twenty grains of the salt in 
water, precipitate the sulphuric acid by means of chloride 
of barium (403), and weigh the sulphate of baryta thus 
obtained : from this we have to deduce the weight of the 
sulphuric acid which it contains ; and lastly, to calculate 
from this, the percentage equivalent to it. We find the 
weight of the sulphate of baryta obtained to be 32.50. 
Knowing the atomic weight of sulphate of baryta (BaO, 
SO3) to be 117, and that of sulphuric acid (SO3) to be 
40, it is easy to calculate how much of the acid is contained 
in 32.50 grains of the precipitate, thus : — 

Ate. wt. of sulph. of Ate. wt. of sulph. Wt. of snlph. of Wt. of sulph. acid 
baryta. acid. baiyta obtained. in 32.50 grs. of 

^ ■ Y- — ^ ^-— y —-^ ^ Y ' sulphate of baryta. 

IIT : 40 :: 82.60 : x = 11.11 

Thus we find that twenty grains of the dry sulphate of soda 
contain 11.11 of sulphuric acid ; and we have now only to 
reduce it to a percentage, to complete the calculation, 
thus : — 

20 : 11.11 : : 100 : x « 55.55 sulphuric acid in 100 parts of dry sulphate of 
soda. Or, as 20 is the fifth part of 100, the same result may be obtained by 
simply multiplying by 5. 11.11 x 5 = 55.55. 



CHAPTER 11. 

EXAMPLES OP QUANTITATIVE ANALYSIS. 

653. In the following examples it is assumed that the 
nature of the substances has been already ascertained by a 

* See Daniell's "Chemical Philosophy," p. 325. 
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qualitative examination, since it is always necessary, before 
proceeding to estimate the constituents of a compound, 
that we should know what those constituents are. 



SECTION L 

Qiiantitative analysis of Svlphate of Copper, 
(CuO,S03+5Aq.) 



Estimate the quantity of oxide of copper (CuO), sulphuric 
acid (SO3), and water (HO), in siilphate of copper. 



(1.) Estimation of the Oxide of Copper, 

664. Dissolve twenty grains of the salt in eight or ten 
ounces of "v^ater, in an evaporating basin, and gently boil 
the solution. Add to it, while boiling, a solution of caustic 
potash in 6Hght excess, which will throw down the black 
oxide of copper (370). 

CuOySO^-^KO^^QMO+KO^Oy 

The mixture is poured upon a filter (636), and care- 
fully washed vrith boiling water, until the wnole of the 
soluble matter is removed. The precipitate in the filter is 
then dried, separated from the filter, ignited, and weighed. 

When the precipitate consists, as in this case, of the sub- 
stance whose weight we wish to ascertain, uncombined 
with other matter, we have only to reduce the amount thus 
obtained, to a percentage, thus : — 

20 : weight of the precipitate of oxide : : 100 : x = i>ercentage of oxide of 
copper. Or, in other words, multiply the weight by 5. 

(2.) JEJstimation of the Svlphuric Add, 

666. The acid may be estimated either from the same 
portion of the substance as was used in determining the 
oxide (in which case the solution filtered from the preci- 
pitated oxide must be concentrated by evaporation (644) ), 
or a fresh portion of the salt may oe used. The latter 
method is in this case the simplest. 

656. Dissolve twenty grains of the sulphate in water as 
before, acidify it with a few drops of nitric acid, and add a 
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solution of chloride of barium {BaCl) as long as it causes 
any precipitate. Sulphate of baryta (BaOjSOg) is thus 
thrown down (403), and the whole of the sulphuric acid is 
in this way removed from the solution. As the mixture in 
its present state would not filter well (638), it is advisable 
to Doil it before filtering, when it will be found that the 
solution will pass through clear. The precipitate is well 
washed with hot water on the filter, dried, ignited in a pla- 
tinum or porcelain crucible, and weighed. Then, knowing 
the atomic weight of sulphate of baryta to be 117, and that 
of sulphuric acid (SO3) to be 40, or, in other words, that 
every 117 parts of the former contain 40 of the latter, it is 
easy to calculate the quantity of sulphuric acid contained 
in the precipitate, thus: — 

(The snlphuric add in ' 
20 grains of sulphate ■ 
of copper. 

which number, multiplied by five, wiU represent the per^ 
centage of sulphuric acid in crystsdlized sulphate of copper. 

(3.) Estimation of the Water, 

657. The water is estimated by heating twenty grains on 
the sand-bath in a counterpoised crucible, at a tempera- 
ture of about 400°, imtil it ceases to lose weight : in this 
way the water is expelled, and its quantity is shewn by the 
loss of weight, which, when multiplied by five, will give 
the percentage of water.* 

SECTION n. 
Quantitative analyds of Chloride of Potassium (KCl). 



Estimate the quantity of potassium and chlorine in the 

chloride. 

(1.) Estimation of the Potassium. 

658. Dissolve twenty grains of the salt in as small a 
quantity of water as possible, in an evaporating basin ; add 

* When the quantity of water has to be estimated in salts which cannot bear 
the necessary heat without the volatilization of a portion of their acid, the salt 
should be intimately mixed with five or six times its weight of protoxide of 
lead, or some other strong base, before exposure to heat : this combines with, 
and fixes, any of the acid that may be disengaged from the other base. 
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bichloride of platinum to the solution, and evaporate the 
mixture to dryness on a water-bath (645). Treat the re- 
sidue with alcohol, to dissolve out the excess of the bi- 
chloride, and wash the insoluble double chloride of pla- 
tinum and potassium (185) with fresh alcohol, on a weighed 
filter (641). The precipitate is then dried on the filter, at 
a moderate heat, and weighed. 

659. The atomic weight of the double chloride (KCl,Pt 
Clj) being 247, and that of potassium being 40, we de- 
duce the quantity of potassium contained in the twenty 
grains of the chloride, thus : — , w* * * . % 

247 An /Wtofdoublechlorideofl L^^^^iPf^'ZfnTnfl 

'''^■'^''- iplatinnmandpotasaiam} = tr:hloride.^'"' ''1 

and, lastly, it is reduced to a percentage, thus : — 

(Wt. of potassium con- 1 
tained in 20 grains of h : : 100 : percentage of potassinm. 
the chloride ) 

or the same result may be obtained by multiplying by five. 

(2.) Estimation of the Chlorine. 

660. Twenty grains of the chloride are dissolved in three 
or four ounces of water, as before ; the solution is then 
heated, acidified with a few drops of nitric acid, and treated 
with a solution of nitrate of silver, as long as it causes any 
precipitate (429, 633). 

KGl-\-AgO,NO,=A!^-\-KO,NO^, 

The mixture is then boiled for a few minutes (as' other- 
wise a portion of the precipitate would pass through the 
pores of the paper (638) ) and filtered. The precipitated 
chloride of silver is thoroughly washed with distilled water 
on the filter, and dried; it is then removed from the paper, 
and gently ignited in a counterpoised porcelain crucible, 
until it fuses into a waxy mass, and weighed. 

661. The atomic weight of chloride of silver is 144, and 
that of chlorine 36, so that we deduce the weight of the 
chlorine from that of the chloride, thus : — 

At »e __L * ♦»,« «l,^/^^^o «f csw*- r wt. of chlorine contained in 20 \ 
44 : 36 :: wt. of the chlonde of silver : | grains of chloride of potassium. I 

Then, for the percentage, multiply by five. 
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SECTION m. 



QiM/niitaiive analysis of a mixture of sulphate of copper 
(CuO,S03+5Aq) and chloride of sodium (NaCl). 



Estimate the quantity of oxide of copper (CuO), sodium, 
sulphuric acid (SO3), chlorine, and water in the mixture. 



(1.) Estimation of the Water. 

662. The water is estimated in the manner described in 
(657). 

(2.) Estima/tion of the Oxide of Copper. 

663. Dissolve twenty-five grains of the mixture in water, 
acidify the solution with a few drops of hydrochloric acid, 
put it into a beaker, and pass through it a stream of hydro - 
sulphuric acid, until it is saturated (730) ; the whole of the 
copper is in this way thrown down as sulphide (368). 
Filter, and wash the precipitate with distilled water, whicn 
should contain in solution a little hydrosulphuric acid, 
as, otherwise a trace of copper is liable to become oxidized 
and dissolved. The clear solution, together with all but 
the last washings, is set aside for subsequent examination 
(664). The washed precipitate of sulphide of copper is 
now digested with the filter, while moist, in strong nitric 
acid, until the whole of the precipitate is dissolved, or 
until nothing remains undissolved but a little sulphur, of 
a pale vellow colour. The acid solution thus obtained, is 
dilutea with water, filtered, if necessary, from the undis- 
solved sulphur, and the fragments of the first filter, lie 
whole of tne copper is now contained in the solution as 
nitrate. This is first to be converted into sulphate, by 
evaporating the solution to dryness with a slight excess of 
sulphuric acid, in order to destroy a little organic matter, 
which is usuallv derived from the filter, and which would 
interfere with the action of the potash. 

CuO,NO^ +HO,SO,=CnO,SO, + H 0,N ,. 
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The copper is now to be thrown down as oxide by potash, 
dried, and weighed, in the manner ab'eady descrilled (654). 
The percentage is calculated as follows : — 

25 : wt. of oxide obtained : : 100 : percentage of oxide of copper in the 
mixture. Or, as 25 is the fourth part of 100, the Bame result is airiyed at by 
simply multiplying the weight of the oxide obtained, by i. 

(2.) Estimation of the Sodium. 

664. The chloride of sodium contained in the solution 
filtered from the sulphide of copper, is concentrated by 
evaporation, and then converted into sulphate of soda 
(NaO,S03), by evaporating to dryness with a slight excess 
of strong sulphuric acid. 

The residue is gently ignited in a coimterpoised covered 
crucible, in which a fragment of carbonate of ammonia is 
suspended by means of a strip of platinum foil, and weighed ; 
the weight of the sodium is thus calculated : — 

At. ^. Of «nph. >^ At. ^ of «di,m. '^o^^a^'^ nTiS^:^- 

72 : 24 : : a : x 

which, when multiplied by four, gives the percentage of 
sodium. 

(3.) Estimation of the Svlphuric Add. 

665. A second portion of twenty-five grains of the mix- 
ture is dissolved in water, for the purpose of estimating 
the sulphuric acid and chlorine. 

Add to it first, a solution of nitrate of baryta as long as 
it causes any precipitate, and boil the mixture for a few 
minutes, to prevent any of the finely divided sulphate of 
baryta passing through the filter (638). The precipitate 
is washed, dried, and weighed, the clear solution being 
reserved for estimating the chlorine (666) ; the quantity 
of sulphuric acid is then calculated in the manner already 
described (656), twenty-five being substituted for twenty 
in the calculation. 

(4.) Estimation of the Chlorine. 

666. The solution filtered from the sulphate of baryta 
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(665), together with the first washings, is heated in an 
evaporating basin over a lamp, and treated with nitrate of 
silver as long as it causes any precipitate (429). The chlo- 
ride of silver thus formed is filtered, dried, and weighed ; 
and the weight of the chlorine deduced from it in the 
manner described in (660), twenty-five being substituted 
for twenty in the calculation. 

Thus the percentage of oxide of copper, sodium, sul- 
phuric acid, crdorine, and water, will have been ascertained. 



SBOnON IV. 

Quantitative analysia of a mixture of sulphate of zinc 
(ZnO,S03-f-7Aq) and carbonate of baryta (BaO,C02). 



Estimate the quantity of water, sulphuric acid, oxide of 
zinc, carbonic acid, and baiyta, in the mixture. 



667. Twenty grains of the mixture are to be boiled with 
three or four ounces of water, which wiU dissolve out the 
sulphate of zinc from the carbonate of baryta. The 
mixture is filtered, and the insoluble portion washed until 
the washings leave no residue when evaporated on plati- 
num foil. The solution contains the whole of the sulphate 
of zinc, while the carbonate of bai^ta remains undis- 
solved ; the latter is retained for subsequent examination 
(671). 

(1.) Estimation of the Oxide of Zinc. 

668. The solution is treated with carbonate of potash 
as long as it causes any precipitate, and then boiled. The 
zinc is thus thrown down as a basic carbonate (257) ; the 
precipitate is washed on a filter, dried, and ignited, when 
the water and carbonic acid of the compound are ex- 
pelled, and pure oxide of zinc (ZnO) remains, which is 
weighed, and the weight thus obtained, multiplied by five, 
gives the percentage of oxide of zinc. 
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(2.) Estimation of the Sulphuric Acid. 

669. The solution filtered from the precipitated carbo- 
nate of zinc, is now supersaturated, with nitric acid, and 
boiled to expel the carbonic acid ; chloride of barium is 
added, and the mixture is boiled for a few minutes to 
clarify it (638) ; the sulphate of baryta thus obtained is 
washed, dried, ignited, and weighed as already described 
(656), and the weight of the sulphuric acid which it 
contains, calculated as before. 

(3.) Estimation of the Water, 

670. The water may be determined by heating the 
mixture on the sandbath, as described in (657). 

(4.) Estimxition of the Baryta. 

671. The residue which was insoluble in water (667), is 
now removed from the filter into a small beaker, and dis- 
solved in dilute hydrochloric acid, a gentle heat being ap- 
plied, if necessary. In this way, the carbonate is decom- 
posed, carbonic acid is given off, and chloride of barium 
remains in solution. 

^OfiO^+ HCl^Ba€l+HO-\- C 0,. 

The solution thus obtained is treated with dilute sulphuric 
acid, as long as any precipitate is produced, and then 
boiled ; the precipitate is separated by filtration, washed, 
dried, ignited, and weighed. 

The atomic weight of sulphate of baryta being 117, and 
that of baryta being 77, the quantity of the latter in the 
precipitate, is calculated as follows : — 

(Wt. of baryta contained^ 
in 20 grains of the mix- 1- 
ture. ) 

(5.) Estimation of the Carbonic Add. 

672. The carbonic acid is estimated by decomposing the 
carbonate with hydrochloric acid in a flask, and deter- 
mining the amoimt of loss, as described in (174). 
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SECTION V. 

Quantitoitive aTtalyds of Tnoignesian limestone; consisting of 
carbon/ite of time (CaO,^^), carbonate of ma>gnesia 
(MgOjCOj), peroxide of iron {Fefi^), a little silica (SiOg), 
and moisture. 



Determine the quantity of lime, magnesia, peroxide of iron, 
carbonic acid, silica, and moisture, in magnesian lime- 
stone. Reduce about 100 grains of the mineral to mode- 
rately fine powder. 

(1.) Estimation of the Hygroscopic Moisture. 

673. "Weigh fifty grains of the pounded mineral in a 
small counterpoised crucible or evaporating dish, and dry 
it on a water-bath, or on the hot part of the sand-bath : 
weigh it at intervals of a quarter or half an hour, until it 
ceases to lose weight (630). The loss will be the quantity of 
moisture in fifty grains, which, when multipHed by two, 
will give the percentage. 

(2.) Estimation of the Silica. 

674. "Weigh twenty-five grains of the pounded mineral in 
a counterpoised flask, moisten it with a httle water, and 
add dilute hydrochloric acid in small quantities, to avoid 
too violent effervescence (419). "When the greater part is 
dissolved, warm it with a Httle fresh acid, which will dis- 
solve everything but the small quantity of silica. The 
mixture is now filtered, and the precipitate thoroughly 
washed, the solution being retained for subsequent exami- 
nation (675) ; the filter containing the precipitate is then 
ignited and weighed. The weight of the siliceous residue, 
multiplied by four (25x4=100), gives the percentage of 
silica in the stone. 

(3.) Estimation of the Peroxide of Iron. 

675. The acid solution filtered from the siliceous residue, 
is now neutralized with ammonia, and a few drops of hydro- 
sulphate of ammonia are added, which will throw down the 

o 
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iron as the black sulphide (279). This is to be filtered 
and carefully washed, the solution being retained for further 
examination (676) ; when the whole of the soluble matter 
is removed, the filter, with the moist precipitate, is di- 
gested in hydrochloric acid, until the black sulphide is 
entirely decomposed, and nothing but sulphur remains 
undissolved. The solution is now diluted, and separated 
by filtration from the sulphur and fragments of the first 
filter, which must be weU washed to remove the whole of 
the soluble matter. The solution is well boiled to expel 
the hydrosulphuric acid, and then heated with a little 
nitric acid for the purpose of peroxidizing the iron. Am- 
monia is now added in shght excess, which precipitates the 
whole of the iron as hydrated peroxide (280). The preci- 
pitate is filtered, dried, ignited, and weighed. The weight, 
multiplied by four, gives the percentage of peroxide of iron 
in the mineral. 

(4.) Estimation of the Lime, 

676. The solution filtered from the sulphide of iron, is 
now to be boiled with a slight excess of hydrochloric acid, 
to decompose the excess of hydrosulphate of ammonia, and 
expel the hydrosulphuric acia : when the smell of that gas 
is no longer perceptible, filter the solution, if necessary, 
from any sulphur that may have been precipitated, and 
neutralize the clear solution with ammonia ; after which 
add oxalate of ammonia as long as it causes any precipi- 
tate. This throws down the lime as oxalate (218), while 
the magnesia remains in solution, not being precipitated 
by oxalate of ammonia in the presence of muriate of 
ammonia, which is contained in the solution. The mixture 
is filtered, and the precipitate washed and dried ; the solu- 
tion being retained for subsequent examination (677). The 
oxalate of lime is now removed from the filter, and ignited, 
by which means it is decomposed, and converted into car- 
bonate of lime : at a red heat, however, a portion of the 
newly formed carbonate is decomposed, the carbonic acid 
being expelled, and thus leaving a little caustic lime (CaO) 
mixed with the carbonate. When cool, it is moistened 
with a solution of carbonate of ammonia, and again gently 
heated, to expel the excess of carbonate of ammonia : the 
whole of the lime is thus converted into carbonate, in which 
state it is weighed. 
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The atomic weight of carbonate of lime being 60, and that 
of lime 28, the weight of the latter is thus calculated : — 

Kn OQ ™* «# «..v^«.4.» »v4.<>«»»j S "wt- of lime contained in 25 J 
60 : 28 : : wt. of carbonate obtained : \ ^^^^ ^^ ^he mineral. } 

which number, multiplied by four, gives the percentage of 
lime. 

(5.) Estimation of the Magnesia, 

677. The solution filtered from the oxalate of Hme is 
now to be concentrated by evaporation, and treated with 
a mixture of phosphate of soda and caustic ammonia, 
when the mixture is set aside for a few hours, being stured 
at intervals with a glass rod. The magnesia is thus thrown 
down as the double phosphate of ammonia and magnesia 
(206). Before filtering, a little of the mixture should be 
tested with a few drops more phosphate of soda, and 
allowed to stand a short time, when, if no fresh precipitate 
is formed, it may be concluded that a suflSicient quantity 
of the precipitant has been added. 

The mixture is now filtered, washing alwavs with water 
containing a little free ammonia, as the double phosphate 
is slightly soluble in pure water, (any of the precipitate that 
adheres to the sides of the glass bemg separated by means 
of a feather, which must be well washed from all adhering 
particles,) and the precipitate, after drying, is ignited in a 
small counterpoised platinum or porcelain crucible, and 
weighed. During ignition, the double phosphate is decom- 
posed into phosphate of magnesia (2MgO,P05), the water 
and ammonia being driven on. 

The atomic weight of the phosphate of magnesia thus 
formed, being 112, and that of magnesia 20, the quantity of 
magnesia contained in the precipitate is thus calculated : — 

112 : 40* : : vrt. of phosphate : wt. of magnesia in 25 grs. of the mineral. 

which, when multiplied by four, gives the percentage of 
magnesia in the mineral. 

(6.) Estimation of the Carbonic Acid. 

678. ITie carbonic acid is estimated in the manner 
described in (174). 

* 40 = 20 X 2, because each equivalent of the phosphate (2MgO,P05), con- 
tains two equivalents of magnesia. 
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679. Thus we shall have determined the percentage 
of the— 

Water 

Silica 

Peroxide of iron .... 

Lime 

Magnesia 

Carbonic acid .... 
Loss 

100.00 



which, when added together, ought to amount to about 99 
or 99.5 ; and the small deficiency, always inevitable in such 
analyses, is put down as " loss," to make up the 100 parts. 



SBCnON VI. 



QtiantitcUive analysis of copper pyrites ; consisting of cop- 
per, iron, svlphur, silica (quartz), and rnoisty/re. 



Determine the quantity of copper, iron, sulphur, silica, and 

moisture, in copper pyrites. 



(1.) Estimation of the Moisture, 

680. Dry 100 grains of the pounded pyrites on the sand- 
bath, in a coimterpoised crucible or dish : the loss is the 
percentage of moisture. 

681. Boil 33.33 grains of the pounded mineral in aqua 
regia (727) until the sulphur which remains undissolved, 
collects into a yellowish porous lump. Dilute the acid 
mixture with two or three times its bulk of water ; filter, 
and wash the insoluble residue (consisting of sulphur and 
siUca) until the whole of the soluble matter is separated 
from it (636) ; reserve the insoluble residue for further 
examination (684). 

682. As the nitric acid present in the aqua regia, would 
interfere with the action of the hydrosulphuric acid made 
use of in a subsequent stage of the analysis, it should be 
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expelled, by evaporation with a slight excess of hydrochloric 
acid (562). 

(2.) Estimation of the Sulphur. 

683. A portion of the sulphur wiU have become oxidized 
by the action of the nitric acid in the aqua regia, and the 
sulphuric acid thus formed, will be contained in the filtered 
liquid, in combination with the oxides of copper and iron. 

Add chloride of barium to the solution as long as it 
causes a precipitate (403) ; boil the mixture ; filter, wash, 
and ignite the precipitate. From the weight of the sulphate 
of baiyta thus obtained, that of the sulphur from which 
the sulphuric acid was derived, may be ascertained by the 
following calculation : — 

Ato. wt. of sidphate Ate. wt. of Wt. of sulphate of Wt. of sulphur 
of baryta. sulphur. baryta obtained. dissolved. 

117 : 16 : : a : x 

684. The weight of the sulphur which resisted the action 
of the aqua regia (681), must now be estimated. The imdis- 
solved residue is to be thoroughly dried at 212°, and weighed : 
it is then gradually heated to redness in a counterpoised 
or weighed porcelain crucible, until the whole of the 
sulphur is burnt off, when it must be again weighed, the 
loss during ignition being of course the sulphur. This 
weight must be added to that already deduced from the 
sulphate of baryta (683), which, together, wiU give the 
quantity of sulphur contained in 33.33 grains of the mine- 
ral, or one-third of the percentage. 

(3.) Estimation of the Silica, 

685. The siliceous matter is left after the expulsion of 
the sulphur, by ignition, from the residue insoluble in aqua 
regia.* The percentage is obtained by multiplying by 
three. 

* A trace of tin is ooeasionally found in the pyrites, and will be contained in 
this residue as peroxide (SnOg). It may be detected by the blowpipe (S79), 
and if found to be present, the residue is boiled with hydrochloric acid to 
dissolve out the minute globules of metallic tin: the chloride thus formed 
(SnCl), is filtered, and converted into peroxide by boiling with nitric acid ; the 
excess of acid is then expelled by evaporation, when the peroxide of tin, if 
present in sufficient quantity, may be weighed, and its weight deducted from 
that of the siliceous residue. 
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(4.) Estimation of the Copper. 

686. The solution filtered from the sulphate of baryta 
(683), containing a sliffht excess of chloride of barium, is 
now treated with a slignt excess of sulphuric acid, to remove 
the superfluous baryta, which is separated by filtration. 
The clear liquid is then subjected to a current of hydrosul- 
uhuric acid gas as long as any precipitate is produced, and 
filtered. The sulphide of copper thus formed is treated in 
the manner described in (663), and from the weight of the 
oxide (CuO), that of the copper is calculated thus : — 

Ate. wt. of oxide of Ate. wt. of Wt. of oxide ob- Wt. of copper In 8S.8S 
copper. copper. tained. gn. of pyrltet. 

40 : 82 : : a : x 

which, when multiplied by three, represents the percentage 
of copper in the mmeral. 

(5.) Estimation of the Iron. 

687. The solution filtered from the stdphide of copper, 
must now be boiled to expel the excess of hydrosulpnuric 
acid, filtered, if necessary, from sulphur, and afterwards 
heated with a little nitric acid, for the purpose of per- 
oxidizing the iron (269). Ammonia is added in sh^ht 
excess : this throt^ down the iron as hydrated peroxide 
(280), which is to be filtered, dried, ignited, and weighed. 
The weight of the iron contained in the precipitate, is thus 
calculated : — 

Ate. wt. of peroxide Ato. wt. Wt. of oxide Wt. of iron contained in 
of iron. of iron. obtained. 88.83 gn. of pyritee. 
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40 : 28 :: a x 

688. The quantities thus obtained, should, when added 
together, amount to a fraction less than 100, the deficiency 
being, as before, set down as "loss" : — 

Copper 

Iron 

Sulphur 

Silica 

Tiii(?) 

Moisture . 

Loss .... 

100.00 



PAET V. 



CHAPTER I. 

EXAMINATION OP CALCULI.* 
SECTION L 

Uric (or lithic) add (CjoN^H^Og). 

689. Heat a small fragment with the blowpipe on plati- 
num foil ; it immediately blackens, owing to tne charring 
of the animal matter, emitting at the same time a dis- 
agreeable smell, resembling that of burnt feathers, mixed 
with that of hydrocyanic acid (H,CjN) which together 
with carbonate of ammonia and some other compounds, is 
formed during the decomposition. If the heat is con- 
tinued, the charred residue is gradually consumed, leaving 
only a slight trace of ash, which is usually alkaline to 
test paper, consisting of phosphate or carbonate of soda. 

690. Uric acid is insoluble in water, and nearly so in 
dilute acids. 

691. A Httle of the calculus in powder, is placed in a 
drop or two of tolerably strong nitric acid, m a watch 
glass or on a slip of glass ; it dissolves with effervescence, 
carbonic add and nitrogen being given off, and a mixture 
of alloxan (CgN^H^Ojo), alloxantine (C^HgNjOg), and some 
other compounds, remains. This is evaporated nearlv to 
dryness at a gentle heat, when a red residue is left, which 
when cM, and treated with a drop of ammonia, or 

* A small fragment, about the size of a pin's head, is sufficient for each expe- 
riment, and will be foand more convenient in practice than a larger qnantitj. 
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exposed to ammoniacal fumes, becomes purple, owing to 
the formation of murexide (C,aN,HgOg)). 

692. Uric acid dissolves in a solution of potash, leaving 
only a few shreds of animal matter, and when the mixture 
is heated, no smell of ammonia is perceptible, thus differ- 
ing from the urate of ammonia (696). On neutralizing the 
alkaline solution with any acid, as hydrochloric, a white 
precipitate of pure uric acid is thrown down, which, when 
separated by filtration, may be tested as directed in (689, 
691). 



SECTION n. 

Urate of Ammonia (NH^OjCjoN^H^Og). 

693. When heated before the blowpipe, it usually decre- 
pitates, and in other respects behaves like uric acia (689). 

694. It dissolves tolerably weU in hot water, but being 
insoluble or nearly so in cold, is deposited again when the 
solution cools. If a dilute acid (as hydrochloric) be added 
to a hot solution of urate of ammonia, the latter is decom- 
posed, and uric acid set free, which, being insoluble even 
m hot water, is precipitated. 

695. With nitric add, urate of anamonia produces the 
same results as uric acid (691). 

696. Urate of ammonia dissolves readily in a warm 
solution of potash, giving off at the same time simmoniacal 
fumes (196), by which it may be distinguished from uric 
acid. The addition of a dilute acid to the hot solution, 
causes a precipitate of uric acid (692). 

SECTION in. 

Phosphate of lime (SCaOjSPO^). 

697. Before the blowpipe, it chars, owing to the presence 
of a little animal matter, and gradually becomes white as 
the carbonaceous matter burns away. It is sJmost infu- 
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sible, requiring for its fusion so intense and prolonged a 
heat, that few can succeed in fusing it. 

698. The residue after ignition is neutral to test paper. 

699. It is soluble, without effervescence, in dilute nitric 
acid. 

700. Divide the acid solution formed in the last ex- 
periment into three parts, and neutrahze the first portion 
with ammonia; the phosphate of lime is again thrown 
down imchanged, in the form of a white gelatinous preci- 
pitate. 

701. To the second portion of the acid solution, add a 

drop or two of nitrate of silver, and cautiously neutralize 

the mixture with dilute ammonia, which causes a pale 

yellow precipitate of phosphate of silver, which is soluble 

4x)th in ammonia and nitric acid (410). 

702. To the third portion of the nitric acid solution, add 
dilute ammonia until it is nearly neutral, taking care that 
it is not added in sufficient quantity to cause the precipi- 
tation of the phosphate of Ume (700). Test the solution 
with oxalate of ammonia, which throws down a copious 
white precipitate of oxalate of lime (218). 

703. If a little of the pounded phosphate of hme be 
mixed with about twice its bulk of phosphate of ammonia 
and magnesia (2MgO,NHp,P05-f 12Aq), and heated before 
the blowpipe on platinum wire, it readily fuses. The 
ftbsible ccUcvlvs is composed of a similar mixture of the 
two salts (708). 



SECTION IV. 

Phosphate of ammonia and ma^gnesia^ or Tri'ple Phosphate. 

(2MgO,NH,0,P05-hl2Aq.) 

704. The triple phosphate, when heated before the blow- 
pipe, chars, and gives off the smell of ammonia, swells up, 
gradually becomes grey, and ultimately fuses. 

705. It is almost insoluble in water, but if boiled, a small 
quantity dissolves. 

706. It dissolves readily in dilute hydrochloric, and most 
other acids, and is again thrown down in the form of a 
crystalline precipitate, when the solution is neutralized with 
anunonia. 
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707. When heated with a solution of potash, it is decona- 
posed, the potash combining with the phosphoric acid, and 
setting free the ammonia and the magnesia. The former 
volatiUzes, and may be detected by ite smell (195), while 
the magnesia is precipitated. 

2MgO,NH,0,PO,H-2(ZO,iJO)=2(MgO,HO)-hNH3+ 

2K0, HOyPO,. 



SECTION V. 

Fimble calctiltu, which is a mixture of phosphate of lime 
(SCaOjSPOj) and the double phosphate of ammonia and 
m^nesia (2MgO,NH^O,POJ. 

708. This calculus is chiefly characterized hj the readi- 
ness with which it fuses before the blowpipe, without being 
consumed, in which respect it differs from all other kinds 
of calculus. During the ignition, the ammonia and water 
are expelled, leaving a mixture of the phosphates of lime 
and magnesia. 

709. If a portion be dissolved in dilute hydrochloric acid, 
nearly neutralized with ammonia, and treated with oxalate 
of ammonia, the lime is separated as oxalate (218), while 
the magnesia remains in solution. 
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Oxalate of liw/e calcvlus {(^dSdfifi^. 

710. Pounded oxalate of lime dissolves without efferves- 
cence* in dilute nitric and hydrochloric acids, and is again 
thrown down unchanged in the form of a white precipitate, 
when the acid solution is neutralized with ammonia. 

711. When heated before the blowpipe, it blackens, and 
gives off a disagreeable smell, resemWing that of burnt 
feathers. If the heat be continued a short time, the resi- 
due becomes white, and then consists of carbonate of lime, 
into which the oxalate is converted. 

CaO,C303+ 0=CaO,CO,+ C 0^ 

* Occasionally a little carbonate of lime is found mixed with the oxalate, in 
which case effervescence will of course take place. 
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712. Treat the residue formed in the last experiment, 
with dilute hydrochloric acid: it readily dissolves with 
effervescence, shewing that it has been changed into the 
carbonate. 

713. If the oxalate be kept intensely heated for some 
time, the carbonate which is at first formed, is reduced to 
the state of caustic lime (CaO), which may be proved by 
placing the residue on a piece of moistened turmeric paper, 
the colour of which will be turned brown (122). 

SECTION vn. 

Biliary calcfuli, consistifig of cholesterin (CagHjjO) and 

biliary colouring matter. 

714. Heat a small fragment on platinum foil : it will 
bum with a bright but smoky flame, leaving Uttle or no 
fixed residue. 

715. When coarsely pounded, it dissolves readily in 
boiling alcohol, and, on cooling, the cholesterin crystallizes 
out in the form of fine scaly crystals, while the colouring 
matter remains in solution. 

716. It is insoluble in dilute nitric and hydrochloric 
adds. 

717. It is insoluble also in a solution of potash, thus 
differing firom other fatty and oily substances, which 
cholesterin resembles in many respects. 



CHAPTER n. 

REAGENTS. 

718. The following is a list of the reagents, &c., usually 
employed in testing and analysis : — 

Sulphuric acid, strong and dilute. 

Hydrochloric acid. 

Nitric acid. 

Nitrohydrochloric acid (aqua regia). 

Oxalic acid. 
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Acetic acid. 
Tartaric acid. 

Hydrosulphuric acid (sulphuretted hydrogen). 
Ammonia. 
' Hydrosulphate of ammonia. 
— Carbonate of ammonia. 
Oxalate of ammonia. 
- Phosphate of soda and ammonia (microcosmic salt). 
Potash. 

Carbonate of potash. 
Nitrate of potash. 
Iodide of potassium. 
Chromate of potash. 
Cyanide of potassium. 

- Ferrocyanide of potassium (yellow prussiate of potash). 
Ferridcyanide of potassium (red prussiate of potash). 
Antimoniate of potash. 

Carbonate of soda. 
Phosphate of soda. 
Borax. 

- Lime water. 
Sulphate of lime. 
Chloride of calcium. 
Chloride of barium. 
Nitrate of baryta. 
Perchloride of iron. 
Nitrate of cobalt. 
Sulphate of copper. 
Ammonio-sulphate of copper. 
Acetate of lead. 
Subacetate of lead. 
Nitrate of silver. 
Ammonio-nitrate of silver. 
Perchloride of mercury. 
Protochloride of tin. 
Perchloride of gold. 
Bichloride of platinum. 
Sulphate of indigo. 
Solution of starch. 

Black flux. 

Distilled water. 

AlcohoL 

Litmus and turmeric paper. 
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719. Most of these substances, as they are met with in 
commerce, being always more or less impure, and, as those 
even which are sold in the shops as pure reagents, are not 
unfrequently found, on examination, to be otherwise ; it is 
always necessary, before taking a reagent into use, to ascer- 
tain by experiment whether it is of suJB&cient purity for the 
purposes mr which it is intended. It may be stated as a 
general rule, that, when a chemical substance is required 
for use in analysis, it ought to be as nearly pure as pos- 
sible ; while, for many of the other operations of chemistry, 
the substances whicn are usually met with in commerce 
are sufficiently pure. The following brief remarks relative 
to the more common impurities of reagents, together with 
their principal uses, will probably be found useful to the 
student. 

Svlphuric add {HO,SO^. 

720. Sulphuric acid, as found in commerce, is never 
pure. The most common impurities are sulphate of lead 
(FbOfSO^), nitric acid {NO^, or binoxide of nitrogen (NO,^, 
and occasionally arsenic, and other saline matters. 

(a) K it contains the first, it will become turbid when 
diluted with four or five times its bulk of water, owing to 
the sulphate of lead, which is soluble in the strong acid, being 
insoluble in the dilute. 

{h) Nitric acid, or the binoxide of nitrogen, is detected 
by warming a Uttle of the acid in a test tube with a small 
crystal of protosulphate of iron (449^ ; or by boiling a 
small portion tinged with a Solution of sulphate of indigo, 
when, if nitric acid is present, the blue colour will disap- 
pear (452). 

(c) Arsenic may be detected by Marsh's test (313). 

{a) Any fixed saline impurity remains as a residue when 
a few drops of the acid are evaporated on platinum foil 

721. The uses of sulphuric acid are very numerous. 
Besides being employea extensively in many branches 
of manufacture, it is used in the laboratory as a powerful 
decomposing agent ; owing to its strong affinity for bases, 
nearly all ssdine compounds are decomposed by it, and its 
solvent powers are also very great. It is often employed for 
the purpose of decomposing organic matter ; also in tne pre- 
paration of hydrogen hydrosulphuric acid, and other gases ; 
as a test for certam metals, and for many other purposes. 



206 KEAOENTB. 

722. When diltUe sulphuric acid is required, it is pre- 
pared by mixing together one part of the strong acid with 
four parts of distilled water, always adding the acid to the 
water, which should be kept constantly stirred, and allow- 
ing the precipitated sulphate of lead (if any) to subside, 
after which the clear liquid may be poured on. 

Hydrochloric acid {HCl), 

723. This acid, in the form met with in commerce, is 
never pure, ususdljr containing sulphuric acid and chloride 
of iron, and occasionally free chlorine and traces of arsenic. 

(a) Evaporate a drop or two on platinum foil: if pure, 
no residue is left. 

(b) Dilute a portion with four or five times its bulk of 
distilled water, and add a drop of chloride of barium : if 
sulphuric acid is present, a white precipitate is produced 
(403). 

(c) Add ammonia in excess : a brown precipitate indi- 
cates iron (280V 

(d) Boil a uttle of the acid, tinged with sulphate of 
inoigo : if it contains free chlorine, the blue colour is 
bleached. 

(e) Arsenic may be detected by Marsh's test (313). 

724. The uses of hydrochloric acid are very numerous, 
especially in analysis, in which it is of constant value as a 
solvent lOT substances which are insoluble in water ; most 
of the metals dissolve readily in it, forming soluble chlo- 
rides, and it is occasionally used to precipitate silver and 
mercury from their solutions. 

When dilute hydrochloric acid is required, the strong 
acid may be diluted with about twice its bulk of water. 

Nitric acid (HO^NO;). 

725. Nitric acid, as met with in commerce, usually con- 
tains sulphuric and hydrochloric acids, and occasionally a 
little fixed saline matter. 

(a) The latter may be detected by evaporating a few 
drops on platinum foil, when any fixed impurities will be 
left. 

Dilute a little of the acid with water, and divide it into 
two portions. 

(6) To the first, add chloride of barium : if a white preci- 
pitate is produced, sulphuric acid is present (403). 



(c) To the other, add nitrate of Bilver ; a white precipi- 
tate, soluble in ammonia, indicates hydrochlonc acid 
(429). 

726. Nitric add is used chiefly as a solvent for sub- 
stances which are insoluble in water, especiallj; some of the 
metals, which it readily oxidizes, and converts into nitrates, 
nearly aU of which are soluble ia water. It is, also, fre- 
quently employed to raise compounds to a higher state of 
oxidation, as in couverting the protoiide of iron (FeO) into 
theperoxide {Fe,0^). 

when dUuie nitric acid is requirec^ it may be prepared 
by mixing one part of the strong acid with two parts of 
distilled water. 

NitrohydrixMoTic add {agua regia). 

727. This is always prepared when rec(uired, hj mixing 
together strong nitric and hydrochloric acida, usually in the 
proportion of one part of nitric to four of hydrochloric. 
Its chief uses depend on its intense oxidizing or chlo- 
rinizing properties, whereby the most refractory metals, 
some of wMch resist the action of all other acids, are 
brought into solution. 

Hydroivlphv/ric acid (HS). {SvZpkure^ed hydrogen.) 

728. This reagent, whether required in the gaseous form 
or in solution, is 

always prepared 
in the laboratory. 
Fragments of sul- 
phide (sulphuret) 
of iron <FeS) are 
placed in a bottle, 
a, 'and treated 
with dilute sul- 
phuric acid(which 
for this purpose 

should consist of ^^^^^^^^^^^^^^^^^^^^^^ 
one part of acid 
and eight parts of water), which disengages the gas. 

FeS-i-.ff0,50,=/fe0A0,+H S. 
The gas thus formed, is passed through water contained in 
the second bottle, 6, for the purpose of purifying it from 
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any sulphuric acid and iron that may have been carried 
over mechanically, and is then conducted, by the bent tube, 
/, into a bottle of distilled water, when an aqueous solution 
of the gas is required, or into a jar containing any solution 
which it is intended to act upon (95). 

729. In most cases of mere testing, the aqueous solution 
is the most convenient form in which to apply it. The 
water should be saturated with the gas, of which it is ca- 
pable of retaining in solution about its own volume ; this 
may be judged of by its strong disa^eeable smell, resem- 
bling that of rotten eggs, and by its giving a copious white 
precipitate of sulphur when treated with perchloride of 
iron (278). It should also be tested for iron, which it 
sometimes contains when carelessly prepared : if such is 
the case, it becomes dark coloured on the addition of am- 
monia, owing to the formation of sulphide of iron (271). 
The solution should not be kept long, as it is liable to 
decompose, unless carefully kept from the air, the oxygen 
of which combines with the hydrogen to form water {HO), 
while sulphur is deposited. 

730. When it is required to precipitate, by hjrdrosul- 
phuric acid, the whole of any metal in a solution, it is neces- 
sary to pass the gas at once into it ; and this should be 
continued until the Hquid is saturated, which is known by 
removing the gas-delivering tube, and blowing away the 
superincumbent air, when, if it smells distinctly of the gas, 
the solution may be considered saturated, and the whole of 
the metal must have been converted into sulphide. 

731. The important uses to which hydrosulphuric acid 
is appHed, render it of great value in many processes of 
analysis. It precipitates many of the metals from their 
solutions as insoluble sulphides, and is one of the reagents 
employed in determining the class to which an unknown 
metal in solution belongs (179). It is also extensively 
used in quantitative analysis, on account of the perfect 
manner in which it separates the whole of many of the 
metals from their solutions. Hydrosulphuric acid is also 
sometimes useful as a deoxidizing agent, reducing metallic 
oxides in solution to a lower degree of oxidation, as the 
peroxide of iron to the protoxide : this property is owing 
to the facihty with which it is decomposed, yielding up its 
hydrogen to the oxygen of the oxide, while the sulphur is 
usually set free (278). 
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Oxalic add (HOjCjO^). 

732. Oxalic acid occasionally contains traces of nitric 
acid (which causes it to deliquesce in damp air, and to have 
a slightly acid smell), and also fixed saline matter. 

(a) The first may be detected by boiling the solution 
with a drop or two of sulphate of indigo (452). 

(6) The latter, if present, is left as a fixed residue after 
ignition on platinum foil. 

It is easily purified by recrystallization. 

733. The chief use to which oxalic acid is applied in 
analysis, is to precipitate lime from its solutions (218). (See 
also oxalate of ammonia, 743.^ For use as a test, one part 
of the crystallized acid may oe dissolved in ten parts of 
water ; but, as the solution is liable to decompose, it is 
better to keep it in the soHd state, and to dissolve a 
little when wanted. 

Acetic add {HOfiJff^O^. 

734. This acid is often contaminated with one or more of 
the following substances : sulphuric, sulphurous, hydro- 
chloric, and nitric acids, lead, and other saline matter. 

{a) Any fixed impurity may be detected by heating a 
little on platinum foU. 

(6) Add to a portion of the diluted acid, a solution of 
chloride of barium : if sulphuric acid is present, a white 
precipitate, insoluble in nitric acid, is thrown down (403). 

(c) Boil a little of the acid with a very small quantity of 
peroxide of lead (PbgO^) : if the latter becomes white, 
(owing to its conversion into sulphate of lead), sulphurous 
acid is present. PbgO, -{-SO^^—VbO^O^-^^PhO. 

{d) Nitrate of silver, added to the diluted acid, gives a 
white curdy precipitate, which is insoluble in nitric acid, if 
any hydrochloric acid is present (429). 

{e) Boil a little of the acid, tinged with sulphate of in- 
digo : if the colour is bleached, it is probably owing to the 
presence of nitric acid (452). 

{f) NeutraUze a small portion with ammonia, and add 
hyarosulphuric acid or hydrosulphate of ammonia : if lead 
or any other metallic matter is present (except the alkaUes 
and sdkaline earths) a precipitate is produced (648). 

735. Acetic acid is chiefly employed in the laboratory as 
a solvent, and for the purpose of acidifying solutions, in 

p 
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cases where hydrochloric and nitric acids would act preju- 
dicially. 

TaHaric add (2HO,CgHp,o)- 

736. Tartaric acid sometimes contains a trace of lime 
and sulphuric acid, but is usually sufficiently pure for ana- 
lytical purposes. The lime may be detected by neutral- 
izing a portion with ammonia, and adding oxalate of am- 
monia (218) ; and the sulphuric acid by chloride of barium 
(403). 

737. Tartaric acid is used as a test for potash, with which 
it forms a sparingly soluble bitartrate (186). Its property 
of preventing the precipitation of iron and some other 
metals by the alkalies (478), is occasionally made available 
in analysis. It should be kept in the solid state, and a 
solution made when required, as when kept in solution it 
soon becomes mouldy; for this purpose, the crystallized 
acid may be dissolvea in about three times its weight of 
water. 

Ammonia {NH^, 

738. The liquid ammonia of the shops is generally suffi- 
ciently pure for most purposes of analysis ; it sometimes, 
however, contains traces of carbonate, sulphate, and mu- 
riate of ammonia, and occasionally chloride of calciimi. 
The carbonate is detected by adding lime water (420) ; the 
sulphate by supersaturating with dilute nitric or hydro- 
chloric acid, and testing with chloride of bariiun (403) ; the 
muriate of ammonia may be. detected by supersaturating 
with nitric acid, and adding nitrate of silver (429) ; and the 
lime (chloride of calcium) with oxalate of ammonia (218). 

Ammonia is used chiefly for the purpose of neutralizmg 
acid solutions, and for precipitating metallic oxides &om 
their solutions, most of whicn are decomposed by it. 

HydrosfulphxUe of ammonia {NH^SyHS). 

739. Hydrosulphate of ammonia is prepared by passing 
a stream of hydrosulphuric acid gas (728) through a solu- 
tion of ammonia until it is saturated. To ascei^ain whe- 
ther the saturation is complete, a few drops may be tested 
with sulphate of magnesia ; if the ammonia is saturated, 
this gives no precipitate ; but if any free ammonia is left, 
it throws down the hydrate of magnesia. When first pre- 
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pared, the solution is almost colourless, but it gradually be- 
comes yellow, owing to partial decomposition, the oxygen 
of the air combining with the hydrogen, while sulphiu* is 
set free, and remains dissolved ; when this decomposition 
has taken place, the addition of an acid causes not only the 
evolution of hydrosulphuric acid, but also precipitates the 
dissolved sulpnur. 

740. Hydrosulphate of ammonia is much used, both in 
quahtative and quantitative analysis, chiefly for the pur- 
pose of precipitating certain metals from their solutions, 
and for separating the metals of the third class from the 
alkalies and alkahne earths (59^). 

Carhcmate of ammonia (2NH^O,3C02). 

741. The common carbonate of ammonia is a sesquicar- 
bonate, or a compound of the neutral carbonate (NH^O, 
COo) and the bicarbonate (NH^O,2C02^. When the neutral 
carbonate is required, and it is the test suited for most 
purposes of analysis, it may be prepared in solution by dis- 
solving one part, by weight, of the crystallized sesquicar- 
bonate in three or four parts of water, and adding one part 
of liquid ammonia (sp. gr. 0.96). It is frequently employed 
in analysis, to precipitate some of the metals as car- 
bonates : it is also used to neutralize acid solutions, and 
for other purposes. 

742. It is occasionally contaminated with traces of ani- 
mal oil, and sulphate and muriate of ammonia. 

(a) Heat a small fragment on platinum foil : if any fixed 
salme impurity is present, it will be left after ignition ; and 
if any charring takes place, it indicates the presence of 
animal matter. 

(6) Supersaturate a httle of the solution with nitric acid, 
and add to one portion a few drops of chloride of bariimi : 
a white precipitate, insoluble in nitric acid, indicates sul- 
phuric acid (403). 

(c) To the other portion of the acid solution, add nitrate 
of silver: if any muriate of ammonia is present, it will 
cause a white curdy precipitate (429). 

Oxalate of ammonia (NH^OjCjOg-j-Aq). 

743. This salt, as met with in the shops, is sufficiently 
pure for all purposes of analysis. Like oxalic acid, it is 
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employed chiefly for the purpose of precipitating lime from 
its solutions (218) ; for this purpose it may be dissolved in 
about six times its weight oi water. 

Phosphate of soda and ammonia (microcosmic 9aU), 
(NaO,NH,0,HO;PO,+8Aq). 

744. This salt occasionally contains traces of chloride of 
sodium, which may readily be detected by adding a few 
drops of nitrate of silver to a solution of the salt, acidified 
with nitric acid, when a curdy white precipitate indicates 
the presence of the chloride (429). 

Jmcrocosmic salt is used almost exclusively in blowpipe 
experiments : when heated, it is decomposed, the ammonia 
and water are expelled, and soda, with excess of phosphoric 
acid, is left. 

Potash {KG). 

745. On account of its strong affinity for many substances, 
and its property of readily decomposing others, caustic 
potash is rarely found free from impurities. Those most 
commonly met with are organic matter, sulphate* and car- 
bonate 01 potash, chloride of potassium, sihcic acid, and 
alumina. 

(a) If organic matter is present, the solution of potash is 
more or less brown, and, on evaporation, leaves a brown 
residue. 

(6) Sulphuric acid is detected by diluting the potash 
with water, supersaturating with nitric or hydrochloric 
acid, and adding chloride of barium, when, if it is present, 
the white insoluble sulphate is thrown down (403). 

(c) If carbonic acid is present, Ume water causes a white 
precipitate, which is soluble with effervescence when the 
solution is supersaturated with hydrochloric acid (420). 

{d) A little of the diluted solution is supersaturated 
with nitric acid, and tested with nitrate of silver : a white 
curdy precipitate, soluble in ammonia, indicates chlorine or 
chloride of potassium (429). 

(e) Neutrahze a small portion with hydrochloric acid, 
and evaporate to dryness: if the residue is not wholly 
soluble in hydrochloric acid, sihca is probably present 
(425). 
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(/) If alumina is present, it will be precipitated when 
the potash solution is neutralized with hydrochloric acid, 
and treated with a alight excess of ammonia (241). 

746. Potash is used chiefly for the purpose of precipitat- 
ing some of the metallic oxides from their saline solutions, 
which it does on account of its strong aflinity for the acids 
with which they were in combination. 

CuO^O^+KO,HO=KO^O^-^Qx\.Of{.0, 
It is employed also for neutralizing acid solutions, decom- 
posing organic compoimds, and many other purposes. A 
solution of potash having a specific gravity of about 1060, 
is a convenient strength tor most ansdytical purposes. 

CarhoncOeof potobsh (KOjCO^-f 2Aq). 

747. This salt generally contains traces of sulphate and 
chloride, and occasionally silica and alumina. 

(a) A solution, supersaturated with nitric acid, and tested 
with chloride of barium, gives a white precipitate if any 
sulphuric acid is present (403). 

if)) A solution similarly acidified, gives, with nitrate of 
silver, a white curdy precipitate, if it contains chloride of 
potassium (429). 

(c) Neutralize a portion of the solution with hydrochlo- 
ric acid, and evaporate to dryness : if the residue does not 
wholly dissolve when treated with hydrochloric acid, silica 
is probably present (425). 

\d) If carbonate of ammonia causes, in a neutralized 
solution, a white gelatinous precipitate, alumina is probably 
present (243). 

Carbonate of potash is frequently employed to precipi- 
tate metallic oxides and carbonates from their soluble 
combinations, and for the purpose of neutralizing acid 
solutions. 

Nitrate of potash (K0,N05). 

748. Nitrate of potash often contains traces of sulphate 
and chloride, and occasionally nitrates of soda and Hme. 

{a and h) The sulphate and chloride may be detected 
with chloride of barium and nitrates of silver (747, a and h). 

(c) If lime is present, it causes a precipitate when the 
solution is treated with oxalate of ammonia (218). 
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(d) The presence of nitrate of soda causes the salt to 
deliquesce in a moist atmosphere. 

749. It is used almost exclusively in the dry state, for 
the purpose of oxidizing substances which resist other 
methods of oxidation ; this property is owing to the oxygen 
of the nitric acid being loosely combined, and at a high 
temperature readily yielded up to any substance which has 
a strong afl&nity for it, such as sulphides, organic mat- 
ters, &c. 

Iodide of potassium (KI). 

750. Iodide of potassium is often adulterated with car- 
bonate of potash; sulphate of potash and chloride of 
potassiiun are also often present. It should always be in 
the form of well defined (cubical) crystals, as the adulte- 
rated varieties are readily distinguishable by their imper- 
fect crystaUine form. 

(a) Add a little dilute hydrochloric acid : if effervescence 
takes place, some carbonate is present (419). 

(6) If sulphates are present, they may be detected by 
adding chloride of barium, which vmL, in that case, cause 
a white precipitate, insoluble in nitric acid (403). 

(c) Add a little nitrate of silver ; this will cause a pale 
yellow precipitate of iodide of silver, together with chloride 
of silver, in case any soluble chloride is present. To sepa- 
rate them, filter the mixture, and after washing the pre- 
cipitate, treat it with a slight excess of ammonia, which 
dissolves the chloride (if any), and leaves the iodide un- 
dissolved (433) : on neutralizing the ammoniacal solution 
with nitric acid, the appearance of a white curdy preci- 
pitate indicates the presence of a chloride (429). 

Iodide of potassium is employed chiefly as a test for lead, 
mercury, and occasionally some of the other metals. For 
use as a reagent, one part of the salt may be dissolved in 
ten parts of water. 

ChromcUe of potash (K0,Cr03). 

751. This salt occasionally contains traces of sulphate of 
potash, which is readily detected by precipitating a httle of 
the solution with nitrate of baryta, and adding an excess 
of nitric acid, which redissolves the chromate of baryta, 
while any sulphate remains insoluble. 
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It is employed as a test for several of the metallic 
oxides, with many of which it forms insoluble salts (chro- 
mates) of characteristic colours, as the chromate of lead 
(363), which is bright yellow. For use as a reagent it may 
be dissolved in ten times its weight of water. 

Cyanide of potassium (KCy). 

752. Cyanide of potassium is sometimes used in blow- 
pipe experiments, and also as a Hquid test. It should be 
colourless, and entirely soluble in water. 

Ferrocyanide ofpotassiwrri {K^eGij^ + 3Aq). ( Yellow 

prussiate of potash,) 

753. This salt, as met with in commerce, is sufficiently 
pure for the purposes of testing. It is employed as a test 
for the persalts of iron, with which it forms a deep blue 
precipitate of sesquiferrocyanide of iron, or pnissian blue 
(282). It gives characteristic precipitates, also, with some 
other metsds. For use as a reagent one part of the salt 
may be dissolved in fifteen or twenty parts of water. 

Ferridcyanide of potassium (JL^Pef^^. (Red priissiaie of 

potash.) 

754. It occasionally contains traces of the yellow prus- 
siate, which is easily detected by the solution giving a blue 
precipitate with perchloride of iron (282). It is used as a 
test tor the protosalts of iron, with whicn it forms a blue 
precipitate of ferridcyanide of iron (276), which is similar 
in appearance to that formed by ferrocyanide of potassium 
with the persalts. It may be dissolved in ten or fifteen 
parts of water. 

Antim^niate of potash (K0,Sb05). 

755. This substance seldom or never contains any impu- 
rity that can interfere with its action as a test for soda, 
wmch is the only use to which it is applied in the laborar 
tory. It must be kept in a well stoppered bottle, and care- 
fully excluded from the air, as the carbonic acid is liable to 
decompose it, and cause a precipitation of antimonic acid. 
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CarboncUe of 9oda (NaO,COj-|-10Aq). 

766. The best method of preparing pure carbonate of 
soda, is to ignite the crystallized bicarbonate (NaO,HO,2 
COj), when the second equivalent of carbonic acid and the 
water are expelled, and pure anhydrous carbonate is left. 
The salt of commerce frequently contains a little sulphate 
and chloride, which may be detected in the manner already 
detailed (747 a and 6). The more impure varieties contain 
also traces of sulphide of sodium, and sulphite and hypo- 
sulphite of soda. These may be detected by adding dilute 
sulphuric acid, and passing the evolved gas into a solution 
of acetate of lead ; this should cause a white precipitate of 
carbonate of lead (422), and not a brown one (438) ; and no 
precipitation of sulphur should take place on the addition 
of the acid. 

767. It is employed for the same purposes as carbonate 
of potash (747) ; also as a flux for the blowpipe, and for 
fusmg with insoluble silicates, &c. For use as a liquid 
reagent, one part of the salt may be dissolved in ten parts 
of water. 

Phosphate of soda (2NaO,HO,PO,+24Aq). 

768. This salt sometimes contains a little sulphate and 
chloride. To detect these impurities, add to one portion 
in solution, chloride of bariimi, and to the other nitrate of 
silver, and supersaturate both with nitric acid : if the pre- 
cipitate does not entirely dissolve in either case, a sulphate 
or chloride is present (403, 429). 

It is employed chiefly as a test for magnesia, with which 
it forms, in the presence of ammoniacal salts, the double 
phosphate of magnesia smd ammonia (206). For the pur- 
poses of testing, it may be dissolved in ten parts of water. 

Borax (biborate of soda J, (NaO,2BO3-|-10Aq). 

759. Borax occasionally contains traces of sulphate and 
chloride, which may be detected in the same way as in the 
phosphate of soda (758). It is employed almost exclusively 
as a flux in blowpipe experiments, for which purpose it is 
admirably adapted : the second equivalent of boracic acid 
which it contains, exerts a strong affinity for bases at a 
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high temperature, and is capable of displacing several acids 
from their combinations ; it also forms many double com- 
pounds and mixtures which are readily fusible. 

LiTTie water (CaO in water). 

760. This reagent is prepared by digesting hydrate of 
lime (CaO,HO^ in cold distilled water for* an hour or two, 
stirring the nnxture occasionally, and, when the undissolved 
portion of the lime has subsided, pouring off the clear solu- 
tion, and filtering if necessary. As it is hable to spoil 
when exposed to the air, owing to the absorption of car- 
bonic acid, it should be kept in a well stoppered bottle. 

761. lime water should be sufficiently strong to turn 
the yellow colour of turmeric instantly and decidedly 
brown ; and, when tested with carbonate of soda, should 
throw down a copious white precipitate of carbonate of 
lime (214). It is used as a test for carbonic acid and some 
of the organic acids ; for expelling ammonia from its com- 
binations, and for many other purposes. 

SidphMe of lime (CaO,S03+2Aq). 

762. Sulphate of lime being very sparingly soluble in 
water, is always used in the form of a saturated solution, 
which is prepared by digesting the sulphate in water, stir- 
ring it occasionally, and pouring off the clear solution from 
the undissolved portion. It is used chiefly as a test for 
some of the organic acids, and for distinguishing baryta 
from strontia. The solution ought to give an immediate 
precipitate of sulphate of baryta, when tested with chloride 
of barium (225). 

Chloride of calcium (CaCl). 

763. This substance occasionally contains a little free 
acid, and traces of iron. The first is detected by test paper, 
and the latter, if present, causes hydrosulphate of ammonia 
to throw down in the solution a black precipitate, or to 
impart a greenish tint to the liquid (279). As a reagent, 
chloride of calcium is employed chieny in testing for some 
of the organic acids. It is also of great use in the labora- 
tory as a drying agent, having so strong an affinity for 
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water, that a moist gas passed over it, is rapidly and com- 
pletely deprived of its water. For this purpose the chlo- 
ride need not be absolutely pure : it should not be fused, 
but merely dried, as the unfused is more porous, and con- 
sequently offers a larger amoimt of surface to any gas 
passed over it. 

Chloride of barium (BaCl-f 2Aq). 

764. Chloride of barium sometimes contains traces of 
iron and Hme. It should not be discoloured by hydrosul- 
phate of ammonia (279), and, after being treated with a 
sUght excess of sulpnuric acid, and filtered, the clear solu- 
tion should leave no fixed residue when evaporated on 
platinum foil ; because the whole of the baryta is separated 
by the sulphuric acid, and any other fixed matter must be 
some impurity. 

It is used chiefly for the purpose of testing for acids 
(568), especially sulphuric, with which it forms the insoluble 
sulpnate of baryta (403). For use, one part of the salt may 
be dissolved in ten parts of water. 

Nitrate of baryta (BaOyNO^). 

765. Nitrate of baryta is Hable to the same impurities as 
chloride of barium (764), and they may be detected in the 
same way. It should also be free from any chloride, which 
may be known by adding nitrate of silver (429). Its uses 
are the same as those of chloride of barium, for which it is 
occasionally substituted in cases when the addition of the 
chloride would interfere with the subsequent stages of an 
analysis, as when we have to test for chlorides in the same 
solution (605). For use, it may be dissolved in ten parts 
of water. 

Ferchloride of iron (FcgClg). 

766. This salt is liable to contain a Httle free acid, and 
traces of the protochloride (FeCl). The free acid is de- 
tected in the manner described in (535, b) ; and if any pro- 
tosalt of iron is present, the solution gives a blue colour 
with ferridcyanide of potassium (276). It is used as a test 
for some of the organic acids, and is also sometimes useful 
in the determination of phosphoric acid. It may be dis- 
solved in five parts of water. 
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NUrate of cobalt (CoO^O^-j-eAq). 

767. This reagent is used chiefly for the detection of 
alumina, zinc, magnesia, and some other substances, by 
means of the blowpipe (124). The solution employed for 
this purpose, may contain one part of the salt dissolved in 
ten of water. 

SvZphate of copper (CuO,S03+5Aq). 

768. This salt is occasionally used as a test for arsenic 
(311), and for other purposes : it may be dissolved in ten 
parts of water. The arrmionio-sulphaie of copper {CuOy 
2NH^0JS0^, which is also used m testing for arsenic, is 
prepared by adding anmionia to the solution of sulphate of 
coDper, until the precipitate at first formed is nearly all 
redissolved, when the solution is filtered, and kept for use. 

Acetate of lead (PbO,C^H303-f 3Aq). 

769. Acetate of lead is used as a test for several acids, 
which form with oxide of lead insoluble salts. For testing, 
one part of the salt may be dissolved in ten parts of water. 

Subacetate of lead (3PbO,C^H303). 

770. The subacetate is prepared by boiling together 
equal weights of the neutral acetate (769) and protoxide of 
lead (PbO) in water, and filtering the solution, which must 
be kept in a well stoppered bottle, as it is easily decom- 
posed when in contact with the air, owing to the strong 
affinity of the oxide of lead for carbonic acid. Both this 
and the neutral acetate are used in testing for hydrosul- 
phuric acid, and for some of the other acids, especially 
carbonic. 

NitraJte of silver (AgO,NO,). 

771. This reagent is sometimes adulterated with nitrate 
of potash, and occasionally contains traces of copper and 
lead. When precipitated by a slight excess of hyctochloric 
acid, the filtered solution ought to leave no fixed residue 
when evaporated on platinmn foil, as the whole of the 
silver would be thrown down (377), and any impurity 
would remain in solution. Copper is detected by adding 
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ammonia in excess to the solution, when it will give the 
liquid a blue tinge (369). Nitrate of silver is used chiefly 
as a test for chlorine (chlorides and hydrochloric acid), 
and also for phosphoric, and some of the other acids. For 
use as a reagent, one part of the salt may be dissolved in 
twenty parts of water. 

772. The amnumio-nitrate of silver {AaO,'2>NH^NO^, 
used as a test for arsenic, is prepared by adding ammoma 
to a solution of the nitrate, until the precipitate at first 
thrown down is nearly all redissolved, and filtering from 
the undissolved oxide. 

Perchloride of msrcwry (HgCl^). 

773. This is occasionally employed as a test for hydriodic 
and some other acids, and also for some kinds of organic 
matter : for this purpose it may be dissolved in twenty 
parts of water. 

Protochloride of tin (SnCl). 

774. Protochloride of tin is prepared by boiling metallic 
tin in strong hydrochloric acid, care being taken that a 
portion of the metal remains undissolved, as otherwise a 
little perchloride might be formed ; the solution is then 
filtered, acidified with a few drops of hydrochloric acid, 
and diluted with about four times its bulk of water. A 
few fragments of metallic tin should be kept in the solu- 
tion, in order to prevent the formation of any perchloride. 

775. Protochloride of tin is employed chiefly as a test 
for gold and mercury, and also as a deoxidizing agent, for 
which purpose it is well adapted on account of ite strong 
tendency to combine with oxygen or chlorine. 

It occasionally contains traces of lead and iron, which 
may be detected by adding hydrosulphate of ammonia in 
excess to the solution, when, if pure, the precipitate is 
wholly redissolved, but, if either of those metals is present, 
a black residue is left, since their sulphides are insoluble 
in the hydrosulphate. 

Perchloride of gold (AuClg). 

776. This reagent is used almost exclusively as a test for 
the protosalts of tin (386^, so that a very small quantity 
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■will be found sufficient for the pilrposes of testing. One 
part of the salt may be dissolvea in thirty parts of water. 

Bichloride of platinum (PtClj). 

777. Bichloride of platinum is employed only as a test 
for potash, soda, and ammonia : it may be dissolved in 
about ten parts of alcohoL 

Svlphate of indigo. 

778. This substance may be prepared in solution, by 
dissolving a little indigo in strong sulphuric acid, and di- 
luting the acid solution with water, so as to form a pale 
blue liquid. It is used chiefly as a test for nitric acid and 
chlorine, by which it is decomposed, and its colour dis- 
charged. 

Sdiition of starch (C^JS^qO^^. 

779. This is made by gently boiling starch with water. 
It is emploved as a test for iodine, for which purpose small 
pieces of thread or paper may be steeped in the solution, 
dried, and kept for use. 

Black flux, 

780. Black flux is an intimate mixture of carbonate of 
potash and finely divided charcoal, and is prepared by 
deflagrating in an iron spoon or crucible, a mixture of two 
parts of bitartrate of potash and one of nitre. It is used 
as a reducing flux in blowpipe experiments. 

DistiUed waier {SO), 

781. Pure distilled water is prepared by carefully distil- 
ling any of the common kinds of water either in a still or 
retort, rejecting the first and last portions (62). For 
many purposes, rain water, when collected at a distance 
from towns or manufactories, and boiled and filtered, will 
be found sufficiently pure ; but, in analytical experiments, 
distilled water ought always to be used. 

782. Before taking it into use, it should be tested with 
the following reagents : — 

(a) Litmus and turmeric paper, for free acids and alka- 
lies. 
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(b) Chloride of barium for siQphates (403). 

(c) Nitrate of silver for chlorides (429). The mixture 
shortly becomes dark-coloured, especially if organic matter 
is present. 

{d) Oxalate of ammonia for lime (218). 

(e) Lime water for carbonic acid (420). 

(/ ) Hydrosidphate of ammonia for any metals of the 
third or fourth class. 

(^) When heated on platinum foil, it should leave no 
trace of soHd residue. 

Distilled water is used chiefly as a solvent, and for wash- 
ing precipitates, besides many other purposes to which it 
is constantly applied. 

Aldohol {C^H^OyHO), 

783. The alcohol commonly used in chemical experi- 
ments should have a specific gravity of about 0.83, except 
in cases where absolute alcohol is required^ when it should 
be 0.796. When evaporated on platinum foil, it should leave 
no residue, and should not change the colour of litmus paper. 
It is used chiefly as a solvent, and for the purpose of faci- 
litating the precipitation of substances whicn are less solu- 
ble in it than in water. 
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WEIGHTS AND MEASURES. 



Troy or Apothecaries* Weight, 

Pound. Ounces. Drachms. Scruples. Grains. 

1 = 12 = 96 = 288 = 5760 

1 = 8 = 24 = 480 

1 = 3 = 60 

I = 20 

1 



French Grammes . 

= 372.96 

= 31.08 

= 3.885 

= 1.295 

= 0.0647 



Pound. 
1 



Ounces. 

16 
1 



Avoirdupois Weight* 



Drachms. 

256 

16 

1 



Grains. 

7000 
437.5 
27.343 



French Grammes. 
= 453.25 
= 28.328 
= 1.77 



Imperial Measure, 



Gallon. Pints. Fluidounces. 

1 = 8 = 160 = 

1 = 20 = 

1 = 



Fluidrachms. 

1280 

160 

8 

1 



Minims. 

76800 

9600 

480 

60 



Weight o/ Water cU 62°, contained in the Imperial Cfallon, ^c. 

Grains. 

70,000 
8750 
437-5 
54-7 
0-91 



1 Imperial 


Gallon 


* » 


Pint 


■* w 


Fluid Ounce 


•■ » 


Fluid Drachm 


*■ w 


Minim 
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Cubic Inches contained in the Imperial Gallon^ Sj;c. 


' 




Cubic Inches. 




1 Imperial Gallon . . = . 
1 „ Pint . . = . 
1 „ Fluid Ounce . = 
1 «, Fluid Drachm . = 
1 „ Minim . . = . 


277.273 
34.659 
1.732 
0.2166 
0.0036 




FRENCH WEIGHTS AND MEASURES. 




Measures of Length, 






English Inches. 
Millimetre = .03937 
Centimetre = .39371 
Decimetre = 3.93710 
Metre = 39.37100 Mil. Fur. 
Decametre = 393.71000 =0 
Hecatometre = 3937.10000 =0 
Kilometre = 39371.00000 = 4 
Myriometre = 393710.00000 ^6 1 


Yds. Feet, 

10 2 
109 1 
213 1 
156 


In. 

9.7 

1 

10.2 
6 





Cubic inches. Gall. Pints. 


F.oz. 


F.drms. Min. 


Millilitre = 


.06102 =00 








16.3 


Centilitre = 


.61028 =00 





2 


42 


Decilitre = 


6.10280 =00 


3 


3 


2 


Litre = 


61.02800 = 1 


15 


] 


43 


Decalitre = 


610.28000 = 2 1 


12 


1 


16 


Hecatolitre = 


6102.80000 = 22 


1 


4 


48 


Kilolitre = 


61028.00000 = 2-0 


12 


6 


24 


Myriolitre = 610280.00000 = 2200 7 


13 


4 


48 




Measures of Weight, 










English grains. 








Milligramme — 


.0154 








Centigramme = 


.1544 








Decigramme = 


1.5444 Avoirdupois 


< 




Gramme = 


15.4440 Poun. Oun. 


] 


[)ram. 




Decagramme = 


154.4402 =0 




5.65, 




Hecatogramme — 


1544.4023 =0 3 




8.5 




Kilogramme = 


15444.0234 =2 3 




5 




Myriogramme = 


154440.2344 = 22 1 




2 
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TABLE I. 



Shemtig the QaaniUtf of Oil of Vitriol (HO^O^), of sp. gr. 1.8485, 
and of Anhydrous Acid (SOg), in 100 ParU of dilute Sulphuric 
Acid^ ofdiferent Specific Gravities (JJre), 



100 
99 
98 
97 
9Q 
9h 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
^9 
68 
67 



1.8485 
1.8475 
1.8460 
1.8439 
1.8410 
1.8376 
1.8336 
1.8290 
1.8233 
1.8179 
1.8115 
1.8043 
1.7962 
1.7870 
1.7774 
1.7673 
1.7570 
1.7465 
1.7360 
1.7245 
1.7120 
1.6993 
1.6870 
1.6750 
1.6630 
1.6520 
1.6415 
1.6321 
1.6204 
1.6090 
1.5975 
1.5868 
1.5760 
1.5648 
1.5503 



Dry Acid. 


Liquid 
Acid. 


8 J. 54 


65 


80.72 


64 


79.90 


63 


79.09 


62 


78.28 


61 


77.46 


60 


76.65 


59 


75.83 


58 


75.02 


57 


74.20 


6^ 


73.39 


55 


72.57 


54 


71.75 


53 


70.94 


52 


70.12 


51 


69.31 


50 


68.49 


49 


67.68 


48 


66.86 


47 


66.05 


46 


65.23 


45 


64.42 


44 


63.60 


43 


62.78 


42 


61.97 


41 


61.15 


40 


60.34 


39 


69.52 


38 


58.71 


37 


57.89 


36 


57.08 


35 


56.26 


34 


55.45 


33 


54.63 


32 


53.82 


31 



1.5390 
1.5280 
1.5170 
1.5066 
1.4960 
1.4860 
1.4760 
1.4660 
1.4560 
1.4460 
1.4360 
1.4265 
1.4170 
1.4073 
1.3977 
1.3884 
1.3788 
1.3697 
1.3612 
1.3530 
1.3440 
1.3345 
1.3255 
1.3165 
1.3080 
1.2999 
1.2913 
1.2826 
1.2740 
1.2654 
1.2572 
1.2490 
1.2409 
1.2334 
1.2260 



53.00 
52.18 
51.37 
50.55 
49.74 
48.92 
48.11 
47.29 
46.48 
45.66 
44.85 
44.03 
43.22 
42.40 
41.58 
40.77 
39.95 
39.14 
38.32 
37.51 
36.69 
35.88 
35.06 
34.25 
33.43 
32.61 
31.80 
30.98 
30.17 
29.35 
28.54 
27.72 
26.91 
26.09 
25.28 
Q 
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liquid 
Acid. 


Sp. Gr. 


Dry Add. 


Liquid 
Acid. 


Sp. Gr. 


Dry Acid. 


30 


1.2184 


24.46 


15 


1.1019 


12.23 


29 


1.2108 


23.65 


14 


1.0953 


11.41 


28 


1.2032 


22.83 


13 


1.0887 


10.60 


27 


1.1956 


22.01 


12 


1.0809 


9.78 


26 


1.1876 


21.20 


11 


1.0743 


8.97 


25 


1.1792 


20.38 


10 


1.0682 


8.15 


24 


1.1706 


19.57 


9 


1.0614 


7.34 


23 


1.1626 


18.75 


8 


1.0544 


6.52 


22 


1.1549 


17.94 


7 


1.0477 


5.71 


21 


1.1480 


17.12 


6 


1.0405 


4.89 


20 


1.1410 


16.31 


5 


1.0336 


4.08 


19 


1.1330 


15.49 


4 


1.0268 


3.26 


18 


1.1246 


14.68 


3 


1.0206 


2.446 


17 


1.1165 


13.86 


2 


1.0140 


1.63 


16 


1.1090 


13.05 


1 


1.0074 


0.8154 



TABLE IL 



Shewing the Quantity of Real or Anhydrom Nitric Acid (NO^) in 
100 Parts of Liquid Acid^ of different Specific Gravities (lire). 





Real acid 




Real acid 




Real acid 


Specific 


in 100 


Specific 


in 100 


Specific 


in 100 


Gravity. 


parts of the 


Gravity, 


parts of the 


Gravity. 


parts of the 




Liquid. 




Liquid. 




Liquid. 


1.5000 


79.700 


1.4600 


68.542 


1.4065 


57.384 


1.4980 


78.903 


1.4570 


67.745 


1.4023 


56.587 


1.4960 


78.106 


1.4530 


66.948 


1.3978 


55.790 


1.4940 


77.309 


1 .4500 


^^.U6 


1.3945 


54.993 


1.4910 


76.512 


1.4460 


65.354 


1.3882 


54.196 


1.4880 


75.715 


1.4424 


64.557 


1.3833 


53.399 


1.4850 


74.918 


1.4385 


63.760 


1.3783 


52.602 


1.4820 


74.121 


1.4346 


62.963 


1.3732 


51.805 


1.4790 


73.324 


1.4306 


62.166 


1.3681 


51.068 


1.4760 


72.527 


1.4269 


61.369 


1.3630 


50.211 


1.4730 


71.730 


1.4228 


60.572 


1.3579 


49.414 


1.4700 


70.933 


1.4189 


59.775 


1.3529 


48.617 


1.4670 


70.136 


1.4147 


58.978 


1.3477* 


47.820 


1.4640 


69.339 


1.4107 


58.181 


1.3427- 


47.023 



- j 
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Real add 




Ileal acid 




Real add 


Specific 


in 100 


Specific 


in 100 


Specific 


in 100 


Gravity. 


parts of the 


Gravity. 


parts of the 


Gravity. 


parts of the 




Liquid, 




Liquid. 




Liquid. 


1.3376 


46.226 


1.2212 


30.286 


1.1051 


15.143 


1.3323 


45.429 


1.2148 


29.489 


1.0993 


14.346 


1.3270 


44.632 


1.2084 


28.692 


1.0935 


13.549 


1.3216 


43.835 


1.2019 


27.895 


1.0878 


12.752 


1.3163 


43.038 


1.1958 


27.098 


1.0821 


11.955 


1.3110 


42.241 


1.1895 


26.301 


1.0764 


11.158 


1.3056 


41.444 


1.1833 


25.504 


1.0708 


10.361 


1.3001 


40.647 


1.1770 


24.707 


1.0651 


9.564 


1.2947 


39.850 


1.1709 


23.910 


1.0595 


8.767 


].2887 


39.053 


1.1648 


23.113 


1.0540 , 


7.970 


1.2826 


38.256 


1.1587 


22.316 


1.0485 


7.173 


1.2765 


37.459 


1.1526 


21.519 


1.0430 


6.376 


1.2705 


36.662 


1,1465 


20.722 


1.0375 


5.579 


1.2644 


35.865 


1.1403 


19.925 


1.0320 


4.782 


1.2583 


35.068 


1.1345 


19.128 


1.0267 


3.985 


1.2523 


34,271 


1.1286 


18.331 


1.0212 


3.188 


1.2462 


33.474 


1.1227 


17.534 


1.0159 


2.391 


1.2402 


32.677 


1.1168 


16.737 


1.0106 


1.594 


1.2341 


31.880 


1.1109 


15.940 


1.0053 


0.797 


1.2277 


31.083 











TABLE III. 



Shewing the Quantity of Anhydrous Hydrochloric Acid (HCl) in the 
Liquid Acid of different Specifw Gravities {Ure)* 



Add 
of 120 
inlOO. 

100 


Specific 
Gravity. 


Chlorine. 


Hydro- 
chloric 
Gas. 


Acid 
of 120 
inlOO, 

92 


Specific 
Gravity. 


Chlorine. 


Hydro. 

chloric 

Gas. 


1.2000 


39.675 


40.777 


1.1857 


36.503 


37.516 


99 


1.1982 


39.278 


40.369 


91 


1.1846 


36.107 


37.108 


98 


1.1964 


38.882 


39.961 


90 


1.1822 


35.707 


36.700 


97 


1.1946 


38.485 


39.554 


89 


1.1802 


35.310 


36.292 


96 


1.1928 


38.089 


39.146 


88 


1.1782 


34.913 


35.884 


95 


1.19m 


37.692 


38.738 


87 


1.1762 


34.517 


35.476 


94 


1.1893 


37.296 


38.330 


86 


1.1741 


34.121 


35.068 


93 


1.1875 


36.900 


37.923 


85 


1.1721 


33.724 


34.660 



228 



APPENDIX. 



Acid 
of 120 
inioo. 

84 


Specific 
Gravity. 


Chloiine. 


Hvdro. 

cUoric 

Gas. 


Add 
of 120 
inioo. 

42 


Specific 
Gravity. 


Chlorine. 


Hydro- 
chloric 
Gas. 


1.1701 


33.328 


84.252 


1.0838 


16.664 


17.126 


83 


1.1681 


32.931 


33.845 


41 


1.0818 


16.267 


16.718 


82 


1.1661 


32.535 


33.437 


40 


1.0798 


16.870 


16.310 


81 


1.1641 


32.136 


33.029 


39 


1.0778 


15.474 


15.902 


80 


1.1620 


31.743 


32.621 


38 


1.0758 


15.077 


15.494 


79 


1.1599 


31.343 


32.213 


37 


1.0738 


14.680 


15.087 


78 


1.1578 


30.946 


31.805 


36 


1.0718 


14.284 


14.679 


77 


1.1557 


30.550 


31.398 


35 


10697 


13.887 


14.271 


76 


1.1536 


30.153 


30.990 


34 


1.0677 


13.490 


13.863 


75 


1.1515 


29.757 


30.682 


33 


1.0657 


13.094 


13.456 


74 


1.1494 


29.361 


30.174 


32 


10637 


12.597 


13.049 


73 


1.1473 


28.964 


29.767 


31 


1.0617 


12.300 


12.641 


72 


1.1452 


28.567 


29.359 


30 


1.0597 


11.903 


12.233 


71 


1.1431 


28.171 


28951 


29 


1.0577 


11.606 


11.825 


70 


1.1410 


27.772 


28.544 


28 


1.0557 


11.109 


11.418 


69 


1.1389 


27.376 


28.136 


27 


1.0537 


10.712 


11.010 


68 


1.1369 


26.979 


27.728 


26 


1.0517 


10.316 


10.602 


67 


1.1349 


26.583 


27.321 


25 


1.0497 


9.919 


10-194 


66 


1.1328 


26.186 


26.913 


24 


1.0477 


9.522 


9.786 


65 


1.1308 


25.789 


26.505 


23 


1.0457 


9.126 


9.379 


64 


1.1287 


25.392 


26.098 


22 


1.0437 


8.729 


8,971 


63 


1.1267 


24.996 


25.690 


21 


1.0417 


8.332 


8.563 


62 


1.1247 


24.599 


25.282 


20 


1.0397 


7.935 


8.155 


61 


1.1226 


24.202 


24.874 


19 


1.0377 


7.538 


7.747 


60 


1.1206 


23.805 


24.466 


18 


1.0357 


7.141 


7.340 


59 


1.1185 


23.408 


24.058 


17 


1.0337 


6.745 


6.932 


58 


1.1164 


23.012 


23.650 


16 


1.0318 


6.348 


6.524 


57 


1.1143 


22.615 


23.242 


15 


1.0298 


5.951 


6.116 


56 


1.1123 


22.218 


22.834 


14 


1.0279 


5.554 


5.709 


55 


1.1102 


21.822 


22.426 


13 


1.0259 


5.158 


5.301 


54 


1.1082 


21.425 


22.019 


12 


1.0239 


4.762 


4.893 


BZ 


1.1061 


•21.028 


21.611 


11 


1.0220 


4.365 


4.486 


52 


1.1041 


20.632 


21.203 


10 


1.0200 


3.998 


4.078 


51 


1.1020 


20.235 


20.796 


9 


1.0180 


3.571 


3.670 


50 


1.1000 


19.837 


20.388 


8 


1.0160 


3.174 


3.262 


49 


1.0980 


19.440 


19.980 


7 


1.0140 


2.778 


2.854 


48 


1.0960 


19.044 


19.572 


6 


1.0120 


2.381 


2.447 


47 


1.0939 


18.647 


19.165 


5 


1.0110 


1.984 


2.039 


46 


1.0919 


18.250 


18.757 


4 


1.0080 


1.588 


1.631 


45 


1.0899 


17.854 


18.349 


3 


1.0060 


1.191 


1.224 


44 


1.0879 


17.457 


17.941 


2 


1.0040 


0.795 


0.816 


43 


1.0859 


17.060 


17.534 


1 


1.0020 


0.397 


0.408 
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TABLE IV. 

Shewing the Quantity of Anhydrotis Potash (KO) in SottUtons of differ- 
ent SpedjUi G-ramiies (Dalton), 



Specific 


Potash 


Boiling 


Specific 


Potash 


Boiling 


Gravity. 


per Cent. 


Point. 


Gravity. 


per Cent. 


Point. 


1.63 


51.2 


329° 


1.33 


26.3 


229° 


1.60 


46.7 


290 


1.28 


23.4 


224 


1.52 


42.9 


276 


1.23 


19.5 


220 


1.47 


39.6 


265 


1.19 


16.2 


218 


1.44 


36.8 


255 


1.15 


13. 


215 


1.42 


34.4 


246 


1.11 


9.5 


214 


1.39 


32.4 


240 


1.06 


4.7 


213 


1.36 


29.4 


234 









TABLE V. 

Shewing the Quantity of Anhydrous Soda (NaO) in scltdiom of different 

Specific Gravities (Dalton), 



Specific 


Soda 


Boiling 


Specific 


Soda 


Boiling 


Gravity. 


per Cent. 


Point. 


Gravity. 


per Cent. 


Point. 


2.00 


77.8 


op 


1.40 


29.0 


242° 


1.85 


63.6 


600 


1.36 


26.0 


235 


1.72 


53.8 


400 


1.32 


23.0 


228 


1.63 


46.6 


300 


1.29 


19.0 


224 


1.56 


41.2 


280 


1.23 


16.0 


220 


1.50 


36.8 


265 


1.18 


13.0 


217 


1.47 


34.0 


255 


1.12 


9.0 


214 


1.44 


31.0 


248 


1.06 


4.7 


213 
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TABLE VI. 

Shewing ike Quantity of Ammoniaoal Gat (N^s) in Aqueous Solutione 
of different Specific Gravities {Dcdton), 



Specific 
Gravity. 


Grains of Ammonia 

in 100 grains of 

the liquid. 


Boiling 
PoinU. 


Volumes of gas in 

one volume of 

the liquid. 


.850 


35.3 


26*» 


494 


.860 


32.6 


38 


456 


.870 


29.9 


50 


419 


.880 


27.3 


62 


382 


.890 


24.7 


74 


346 


.900 


22.2 


86 


311 


.910 


19.8 


98 


277 


.920 


17.4 


110 


244 


.930 


15.1 


122 


211 


.940 


12 8 


134 


180 


.950 


10.5 


146 


147 


.960 


8.3 


158 


116 


.970 


6.2 


173 


87 


.980 


4.1 


187 


58 


.990 


2.0 


196 


28 



TABLE VII. 

Shewing the Quantitjf ofAhsobUe Alcohol (C^H^OyHO) contained tJi 
Diluted Alcohol of different Specific Gravities {iMtvitz). 



100 


parts. 


Specific Gravity. 


100 


parts. 


Specific 


Gravity. 


Ale. 

100 


Wat. 


At 68«. 


1 
At 60«. 


Ale 

90 


Wat. 


At68o. 


At60». 





0.791 


0.796 


10 


0.818 


0.822 


99 


1 


0.794 


0.798 


89 


11 


0.821 


0.825 


98 


2 


0.797 


0.801 


88 


12 


0.823 


0.827 


97 


3 


0.800 


0.804 


87 


13 


0.826 


0.830 


96 


4 


0.803 


0.807 


86 


14 


0.828 


0.832 


95 


5 


0.805 


0.809 


85 


15 


0.831 


0.835 


94 


6 


0.808 


0.812 


84 


16 


0.834 


0.838 


93 


7 


0.811 


0.815 


83 


17 


0.836 


0.840 


92 


8 


0.813 


0.817 


82 


18 


0.839 


0.843 


91 


9 


0.816 


0.820 


81 


19 


0.842 


0.846 
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100 


parts. 


Speeific Gravity. 


100 


parts. 


Specific 


Gravity. 


Ale. 

80 


Wat 


At 68«». 


At60». 


Ale. 
39 


Wat. 


At 68«. 


At 60«. 


20 


0.844 


0.848 


61 


0.983 


0.941 


79 


21 


0.847 


0.851 


38 


62 


0.940 


0.943 


78 


22 


0.849 


0.853 


37 


63 


0.942 


0.945 


77 


23 


0.851 


0.855 


36 


64 


0.944 


0.947 


76 


24 


0.853 


0.857 


35 


65 


0.946 


0.949 


75 


25 


0.856 


0.860 


34 


66 


0.948 


0.951 


74 


26 


0.859 


0.863 


33 


67 


0.950 


0.953 


73 


27 


0.861 


0.865 


32 


68 


0.952 


0.955 


72 


28 


0.863 


0.867 


31 


69 


0.954 


0.957 


71 


29 


0.866 


0.870 


30 


70 


0.956 


0.958 


70 


30 


0.868 


0.872 


29 


71 


0.957 


0.960 


69 


31 


0.870 


0.874 


28 


72 


0-959 


0.962 


68 


32 


0.872 


0.875 


27 


73 


0.961 


0.963 


67 


33 


0.875 


0.879 


26 


74 


0.963 


0.965 


66 


34 


0.877 


0.881 


25 


75 


0.965 


0.967 


65 


35 


0.880 


0.883 


24 


76 


0.966 


0.968 


64 


36 


0.882 


0.88G 


23 


77 


0.968 


0.970 


63 


37 


0.885 


0.889 


22 


78 


0.970 


0.972 


62 


38 


0.887 


0.891 


21 


79 


0.971 


0.973 


61 


39 


0.889 


0.893 


20 


80 


0.973 


0.974 


60 


40 


0.892 


0.896 


19 


81 


0.974 


0.975 


59 


41 


0.894 


0.898 


18 


82 


0.976 


0.977 


58 


42 


0.896 


0.900 


17 


83 


0.977 


0.978 


57 


43 


0.899 


0.902 


16 


84 


0.978 


0.979 


56 


44 


0.901 


0.904 


15 


85 


0.980 


0.981 


55 


45 


0.903 


0.906 


14 


86 


0.981 


0.982 


54 


46 


0.905 


0.908 


13 


87 


0.983 


0.984 


53 


47 


0.907 


0.910 


12 


88 


0.985 


0.986 


52 


48 


0.909 


0.912 


11 


89 


0.986 


0.987 


51 


49 


0.912 


0.915 


10 


90 


0.987 


0.988 


50 


50 


0.914 


0.917 


9 


91 


0.988 


0.989 


49 


51 


0.917 


0.920 


8 


92 


0.989 


0.990 


48 


52 


0.919 


0.922 


7 


93 


0.991 


0.991 


47 


53 


0.921 


0.924 


6 


94 


0.992 


0.992 


46 


54 


0.923 


0.926 


5 


95 


0.994 




45 


55 


0.925 


0.928 


4 


96 


0.995 




44 


56 


0.927 


0.930 


3 


97 


0.997 




43 


57 


0.930 


0.933 


2 


98 


0.998 




42 


58 


0.932 


0.935 


1 


99 


0.999 




41 


59 


0.934 


0.937 





100 


1.000 




40 


60 


0.936 


0.939 
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TABLE VIII. 

Shewing the Specific Gravities of miaiuret of Ether and Alcohol in 

different proportiona (Dalton), 



Specific 


1i!thi»r 


Alcohol 


Specific 


Ether. 


Alcohol 


Onvity. 




(sp. gr. 830). 


Onivity. 




(sp. gr. 830). 


724 


100 





792 


40 


60 


732 


90 


10 


804 


30 


70 


744 


80 


20 


816 


20 


80 


756 


70 


30 


828 


10 


90 


768 


60 


40 


830 





100 


780 


50 


50 









TABLE IX. 



OP FRBBZINO MIXTURES. 

Freezit^ Miatures with Snow or Pounded Ice. 



MIXTUBBB. 



Sea-salt 
Snow . 



Parts by Weight. 



Sea-salt 2 

Muriate of Ammonia .... 1 
Snow 5 



Sea-salt 10 

Muriate of Ammonia .... 5 

Nitrate of Potash 5 

Snow 24 



Sea-salt 

Nitrate of Ammonia 
Snow 



5 

5 

12 



Thermometer sinks 



to — 5<» 



I 

S 

i 
i 



to -12' 



to -18° 



to -25° 



Degree of 

cold 
produced. 



Diluted Sulphuric Acid* . . 2 
Snow 3 



from H- 32° to —23' 



55 degrees. 



Concentrated Hydrochloric 

Acid 5 

Snow 8 



from 4- 32° to -27' 



59 



* Made of strong acid, diluted with half its weight of snow or distilled 
water. 
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MIXTUBBS. 

Parts by Weight. 
Concentrated Nitrous Acid 4 
Snow 7 


Thermometer sinks, 
from +32° to -30° 


cold 
produced^ 

62 degrees. 


Chloride of Calcium 5 

Snow 4 


from H- 32° to -40° 


72 . 


Crystallized Chloride of 

Calcium 3 

Snow 2 


from +32° to -50° 


82 


Fused Potash 4 

Snow 2 


from + 32° to -51° 


83 



Freezing Mixtures without Snow, 



MIXTUKBS. 

Parts by Weight. 
Muriate of Ammonia .... 5 

Nitrate of Potash 5 

Water 16 


Temperature falls 
from + 50° to -10° 


Degree of 

cold 
produced. 

40 degrees. 


Muriate of Ammonia .... 5 

Nitrate of Potash 5 

Sulphate of Soda 8 

Water 16 


from +50° to -4° 


46 


Nitrate of Ammonia .... 1 
Water I 


from + 50° to —4° 


46 


Nitrate of Ammonia .... 1 

Carbonate of Soda 1 

Water 1 


from + 50° to -7° 


57 


Sulphate of Soda 3 

Diluted Nitrous Acid* .. 2 


from + 50° to -3° 


53 


Sulphate of Soda 6 

Muriate of Ammonia .... 4 

Nitrate of Potash 2 

Diluted Nitrous Acid .... 4 


from + 50° to -10° 


60 


Sulphate of Soda 6 

Nitrate of Ammonia .... 5 
Diluted Nitrous Acid .... 4 


from + 50° to -14° 


64 



* Composed of two parts of fuming[ nitrous acid, and one of water ; the 
mixture being allowed to cool before bemg used. 



J 
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MIXTUBXS. 

Part* by Weight 

Phosphate of Soda 9 

Diluted Nitrous Acid .... 4 


Tempentture fialla 
from + 50° to -12° 


Degrees of 

cold 
produced. 

62 degrees. 


Phosphate of Soda 9 

Nitrate of Ammonia .... 6 
Diluted Nitrous Acid .... 4 


from + 12° to -21° 


71 


Sulphate of Soda 8 

Hydrochloric Acid 5 


from -f 50° to 0° 


50 


Sulphate of Soda 5 

Diluted Sulphuric Acid* . . 4 


from + 50° to -f 3° 


47 



TABLE X. 



ihe corretponding D^rees of the Centigrade and FahrenheiVs 

Thermometers, 



Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


o 


o 


o 


o 


o 


o 


o 


o 


—50 


—58.0 


32 


—25.6 


—14 


. 6.8 


4 


39.2 


—49 


—56.2 


—31 


—23.8 


—13 


8.6 


5 


41.0 


—48 


—54.4 


—30 


22.0 


—12 


. 10.4 


6 


42.8 


47 


52.6 


29 


—20.2 


—11 


12.2 


7 


44.6 


—46 


50.8 


28 


—18.4 


—10 


14.0 


8 


46.4 


—45 


—49.0 


27 


—16.6 


9 


15.8 


9 


48.2 


—44 


47.2 


—26 


—14.8 


—8 


17.6 


10^ 


50.0 


—43 


—45.4 


25 


13.0 


7 


19.4 


11 


51.8 


—42 


—43.6 


—24 


—11.2 


6 


21.2 


12 


53.6 


41 


41.8 


—23 


—9.4 


—5 


23.0 


13 


55.4 


—40 


40.0 


—22 


—7.6 


—4 


24.8 


14 


57.2 


39 


38.2 


21 


5.8 


—3 


26.6 


15 


59.0 


—38 


—36.4 


—20 


—4.0 


—2 


28.4 


16 


60.8 


37 


—34.6 


19 


—2.2 


—1 


30.2 


17 


62.6 


—36 


32.8 


—18 


0.4 





32.0 


18 


64.4 


—35 


—30.0 


—17 


+ 1.4 


+1 


33.8 


19 


66.2 


34 


29.2 


—16 


3.2 


2 


35.6 


20 


68.0 


—33 


27.4 


15 


5.0 


3 


37.4 


21 


69.8 



* Composed of equal weights of strong acid and water, being allowed to cool 
before use. 
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Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent 


Fahr. 


o 


o 


o 


o 


o 


o 


o 


o 


22 


71.6 


65 


149.0 


108 


226.4 


151 


303.8 


23 


73.4 


66 


150.8 


109 


228.2 


152 


305.6 


24 


75.2 


67 


152.6 


110 .. 


^ 230.0 


153 


307.4 


25 


77.0 


68 


154.4 


Ill 


231.8 


154 


309.2 


26 


78.8 


69 


156.2 


112 


233.6 


155 


311.0 


27 


80.6 


70 


158.0 


113 


235.4 


166 


312.8 


28 


82.4 


71 


159.8 


114 


237.2 


157 


314.6 


29 


84.2 


72 


161.6 


115 


239.0 


158 


316.4 


30 


86.0 


73 


163.4 


116 


240.8 


159 


318.2 


31 


87.8 


74 


165.2 


117 


242.6 


160 


. 320.0 


32 


89.6 


75 


167.0 


118 


244.4 


161 


321.8 


33 


91.4 


76 


168.8 


119 


246.2 


162 


323.6 


34 


93.2 


77 


170.6 


120 


248.0 


163 


325.4 


35 


95.0 


78 


172.4 


121 


249.8 


164 


327.2 


36 


96.8 


79 


174.2 


122 


251.6 


165 


329.0 


37 


98.6 


80 


176.0 


123 


253.4 


166 


330.8 


38 


100.4 


81 


177.8 


124 


255.2 


167 


332.6 


39 


102.2 


82 


179.6 


125 


257.0 


168 


334.4 


40 


104.0 


83 


181.4 


126 


258.8 


169 


336.2 


41 


105.8 


84 


183.2 


127 


260.6 


170 


338.0 


42 


107.6 


85 


185.0 


128 


262.4 


171 


339.8 


43 


109.4 


86 


186.8 


129 


264.2 


172 


341.6 


44 


111.2 


87 


188.6 


130 


266.0 


173 


343.4 


45 


113.0 


88 


190.4 


131 


267.8 


174 


345.2 


46 


114.8 


89 


192.2 


132 


269.6 


175 


347.0 


47 


116.6 


90 


194.0 


133 


271.4 


176 


348.8 


48 


118.4 


91 


195.8 


134 


273.2 


177 


350.6 


49 


120.2 


92 


197.6 


135 


275.0 


178 


352.4 


50 


122.0 


93 


199.4 


136 


276.8 


179 


354.2 


51 


123.8 


94 


201.2 


137 


278.6 


180 


356.0 


52 


125.6 


95 


203.0 


138 


280.4 


181 


357.8 


53 


127.4 


96 


204.8 


139 


282.2 


182 


359.6 


54 


129.2 


97 


206.6 


140 


284.0 


183 


361.4 


55 


131.0 


98 


208.4 


141 


285.8 


184 


363.2 


56 


132.8 


99 


210.2 


142 


287.6 


185 


365.0 


57 


134.6 


100 


212.0 


143 


289.4 


186 


366.8 


58 


136.4 


101 


213.8 


144 


291.2 


187 


368.6 


59 


138.2 


102 


215.6 


145 


293.0 


188 


370.4 


60 


140.0 


103 


217.4 


146 


294.8 


189 


372.2 


61 


141.8 


104 


219.2 


147 


296.6 


190 


374.0 


62 


143.6 


105 


221.0 


148 


298.4 


191 


375.8 


63 


145.4 


106 


222.8 


149 


300.2 


192 


377.6 


64 


147.2 


107 


224.6 


150 


302.0 


193 


389.4 
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Cent. 


Fahr. 


Cent 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


o 


o 





o 


o 


o 


o 


o 


194 


881.2 


226 


438.8 


258 


496.4 


290 


554.0 


195 


383.0 


227 


440.6 


259 


498.2 


291 


555.8 


196 


384.8 


228 


442.4 


260 


500.0 


292 


557.6 


197 


386.6 


229 


444.2 


261 


501.8 


293 


559.4 


198 


388.4 


230 


446.0 


262 


503.6 


294 


561.2 


199 


390.2 


231 


447.8 


263 


505.4 


295 


563.0 


200 


392.0 


232 


449.6 


264 


507.2 


296 


564.8 


201 


393.8 


233 


451.4 


265 


509.0 


297 


566.6 


202 


395.6 


234 


453.2 


266 


510.8 


298 


568.4 


203 


397.4 


235 


455.0 


267 


512.6 


299 


570.2 


204 


399.2 


236 


456.8 


268 


514.4 


300 


572.0 


205 


401.0 


237 


458.6 


269 


516.2 


301 


573.8 


206 


402.8 


238 


460.4 


270 


518.0 


302 


575.6 


207 


404.6 


239 


462.2 


271 


519.8 


303 


577.4 


208 


406.4 


240 


464.0 


272 


521.6 


304 


579.2 


209 


408.2 


241 


465.8 


273 


523.4 


305 


581.0 


210 


410.0 


242 


467.6 


274 


525.2 


306 


582.8 


211 


411.8 


243 


469.4 


275 


527.0 


307 


584.6 


212 


413.6 


244 


471.2 


276 


528.8 


308 


586.4 


218 


415.4 


245 


473.0 


277 


530.6 


309 


588.2 


214 


417.2 


246 


474.8 


278 


532.4 


310 


590.0 


215 


419.0 


247 


476.6 


279 


534.2 


311 


591.8 


216 


420.8 


248 


478.4 


280 


536.0 


312 


593.6 


217 


422.6 


249 


480.2 


281 


537.8 


313 


595.4 


218 


424.4 


250 


482.0 


282 


539.6 


314 


597.2 


219 


426.2 


251 


483.8 


283 


541.4 


315 


599.0 


220 


428.0 


252 


485.6 


284 


543.2 


316 


600.8 


221 


429.8 


253 


487.4 


285 


545.0 


317 


602.6 


222 


431.6 


254 


489.2 


286 


546.8 


318 


604.4 


223 


433.4 


255 


491.0 


287 


548.6 


319 


606.2 


224 


435.2 


256 


492.8 


288 


550.4 


320 


--^608.0 


226 


437.0 


257 


494.6 


289 


552.2 
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LIST OF SALTS, &c. 

WHICH MAY BE EXAMINED FOR PRACTICE IN QUALITATIVE 

ANALYSIS (Part III.). 



(a.) Simple SaltSj S[c,, soluble in Water* 

Chloride of barium. • ' 'Protonitrate of mercury. 

*-- Sulphate of sodd. ' '- Perchloride of mercury. 

^ Muriate of ammonia. >' ' Acetate of lead. 

•^r Sulphate of magnesia. ' ' Sulphate of copper. 

d> ' Chloride of calcium. ^ Nitrate of silver. 

<^ Nitrate of strontia. 'rPhosphate of soda. 

' 'Sulphate of chromium. "^clodide of potassium. 

- Sulphate of zinc. f '- Biborate of soda. 

y Sulphate of manganese. Nitrate of potash. 

'' Protosulphate of iron. ' Chlorate of potash. 

*' Perchloride of iron. ' ' Carbonate of soda. 

• Sulphate of nickel. Arsenious acid. 
' J Nitrate of cobalt. 

(&) Simple Salts^ S^c.^ insoluble in Water ^ but soluble in Acids. 

Carbonate of magnesia. Protoxide of lead. 

Phosphate of lime. Sulphide of antimony. 

Carbonate of baryta. - Black oxide of copper. 

Metallic zinc. Carbonate of lime. 

Carbonate of strontia. Oxide of bismuth. 

Sulphide of iron. Metallic tin. 

(c.) Simple Salts, ^c,, insoluble in Water and Adds, 

Sulphate of baryta. Silica. 

Sulphate of strontia. Chloride of silver. 

Chloride of lead. Silicate of lime. 

Sulphate of lead. Silicate of alumina. 
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(d.) Mixed Salis, j-c, tolvbU in Water, 



Chloride of barium. 
Nitrate of potash. 

Sulphate of ziDc, 
Chloride of sodium. 

(Muriate of ammonia, 
Phosphate of soda. 

Sulphate of copper. 
Nitrate of cobalt. 



1 
1 



Perchloride of iron. 
Sulphate of magnesia. 

Alum (double sulphate of alu- 
mina and potash). 

Chloride of calcium. 
Nitrate of potash. 
Muriate of ammonia. 

Nitrate of lead. 
Nitrate of cobalt. 
Nitrate of strontia. 



Sulphate of nickel. 
Chloride of sodium. 
Sulphate of magnesia. 

' Chlorate of potash, 
Biborate of soda, 
Muriate of ammonia, 
Arsenious acid. 

Nitrate of soda. 
Nitrate of lime. 
Nitrate of baryta. 
Nitrate of zinc, 
Nitrate of lead. 
Nitrate of copper. 

Sulphate of potash. 
Phosphate of soda, 
Biborate of soda. 
Carbonate of ammonia. 
Chloride of potassium. 
Iodide of potassium. 
Nitrate of ammonia. 



(e.) Mixed Salts^ S[c»^ insoUMe in Water, but aottibie in Acids. 



r Carbonate of magnesia, 
i Sulphide of iron, 
r Protoxide of lead, 
^ Phosphate of lime, 
r Carbonate of lime, 
I* Black oxide of copper. 

Brass. 
' Oxide of bismuth, 
■ Sulphide of iron, 

Sulphide of antimony. 



Magnesian limestone. 

Iron pyrites. 

Copper pyrites. 

Argentiferous galena. 

German silver. 

Arsenical cobalt ore. 

The solid matter contained in 

sea, well, or river water. 
The portion of soils which is 

soluble in acids. 



(/.) Mixed Salts, S[C., insoluble in Water and Acids. 



{ 
1 



Chloride of silver. 
Sulphate of baryta. 

Silica, 
Chloride of lead. 



' Sulphate of lead. 
Silicate of alumina. 
Chloride of silver. 
The insoluble portion of soils. 
Slate. 
Siliceous minerals. 
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GLOSSARY OP CHEMICAL TERMS * 



Absorption, from dbsorbeOf to suck up ; the act of imbibing a liquid. 

Acetic acid, from acetum, yinegar ; the acid contained in vinegar. 

Abriform, from ati^^ the air, and forma, a form ; having the form or 
properties of air. 

Affinity, from ad, to, and finis, a boundary; relationship; the force 
which causes particles of dissimilar kinds of matter to combine 
together, so as to form new matter. 

Albumen, -inous, from albumen^ the white of an egg ; an important 
animal principle. The white of an egg consists chiefly of albu- 
men and water, contained in a cellular tissue. 

Alcohol, from an Arabic word ; the intoxicating principle of spirit- 
uous liquors. 

Alkali, a soluble body, with a hot caustic taste, which possesses the 
power of destroying or neutralizing acidity. The term is derived 
from the Arabic article al, and kcUi, the Arabic name of a plant, 
from the ashes of which one of the most important alkalies (potr 
ash) is obtained. 

Amalgam, from ec/tia, together, and ya/iiat, to marry ; a term signify- 
ing the union of any metal with mercury, which has the property 
of dissolving several of the metals. 

Amorphous, from &, not, and fito^^t a form; not possessing any 
regular form. 

Analogue, that which is the counterpart of another. 

Analogy, -ical, and -ous, from iva, among, and >,oyes, a relation or 
proportion; a likeness or resemblance between things, with 
regard to their circumstances or effects. 

Analysis, from avu, among, and Xvu, to loosen ; the separation of a 
substance into its component parts. 

* Many of the definitions are taken almost verbatim from Daniell's " Chemical 
Philosophy." 
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Anglb, from anffuluSf a corner ; the inclination of twd'^itraight lines 
to each other, which meet together, but are notidn Sie same 
straight line. ^ .. 

Anhydrous, from a, not, and vlat^, water ; containing n./ water. 

Antiseptic, from uvr), against, and ^ntra, to putrify; poHsessing the 
power of preventing or retarding putrefaction. t. 

Aqua Regia, t. e. Rboal Water, a mixture of nitric and hydro- 
chloric acids ; so called from its property of dissolving gold, 9vhich 
was held by the alchemists to be the king of the metcds. 

Aqubo, from <iqiia, water ; when prefixed to a word, denotes that 
water enters into the composition of the substance which it sig- 
nifies, as aqueo-stdphuric acid (HOfSO^). 

Athermanous, from «, not, and ^t^fiatj heat ; that through which 
heat will not pass, is said to be athermanous. 

Atmosphere, from ar/tof^ vapour, and g-^eu^Oy a spl^ere ; commonly 
used to denote the sphere of air which surrounds the globe. 

Atom, -ic, from «, not, and riftw, to cut ; a minute particle of ma** 
ter, not susceptible of further division. 

Attraction, -ive, from ad^ to, and traho, to draw : the tendency 
which bodies have to approach or unite with each other. 

Azote, from «, not, and ^ani, life ; another name for nitrogen ; so 
called because it is incapable of supporting respiration. 

Barium, from jSo^v;, heavy ; the metallic base of baryta. 

Baromrtbk, from (ia^os, weight, and /Air^ev, a measure ; an instm- 
ment for measuring the varying pressure of the atmosphere. 

Baryta, a compound of oxygen and the metal barium (BaO), pos- 
sessing alkaline properties. 

Bibulous, from 6i6o, to drink ; that which has the property of drink- 
ing in, or absorbing, moisture. 

Boron, a dark olive-coloured elementary substance, obtained firom 
boracic acid, insoluble in water, and a non-conductor of elec- 
tricity. 

Bromine, from (i^etfcos, a strong odour; an elementary liquid of a 
reddish-brown colour and suffocating smell : in chemic^ proper- 
ties, it strongly resembles iodine. 

Caloric, from cahr, heat ; an imaginary fluid substance, supposed to 
be diffused through all kinds of matter, and the sensible effect of 
which is called heat. 

Capillary, from capiUus^ a hair ; resembling, or having the form of 
hairs. 
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Capsulb, firr n oapsida, a little chest ; a small shallow cup. 

Carbon, &< i cai^, a coal ; the chemical name for charcoal. 

Caustic, fi >m xa/a>, to burn ; possessing the power of burning. 

Chbmistr , -IGAL, from an Arabic word, signifying the knowledge 
of thr substance or constitution of bodies ; the science whose ob- 
ject i . is to examine the constitution of bodies. 

Chlorinb, from x^'^C^f^ green ; a greenish coloured gas, of a pungent 
suffocating smell, and possessing chemical properties nearly allied 
to those of oxygen. 

Clbavaob, Plane of; the plane in which crystals have a tendency 
to separate. 

Cohesion, from con, together, and hiereo, to stick ; the power which 
causes the particles of a body to cling together and resist sepa- 
ration. 

Combustion, from comburo, to bum ; the disengagement of light and 
heat, which frequently accompanies chemical combination. 

C ONDUCTION, from con, together, and ditco, to lead ; the power of 
transmitting heat or electricity, without change in the relative 
position of the particles of the conducting body. 

Congelation, from con, together, and gelo^ to freeze ; the process of 
freezing. 

Constituent, from constituoiio put together; that of which anything 
consists, or is made up. 

Contraction, from con, together, and iraho, to draw ; the state of 
being drawn into a narrow compass, or becoming smaller. 

Convex, fiwm con, together, and veho, to carry; curved outwardly, 
or protuberant. 

Corpuscular, from corpus, a body; composed of, or relating to, 
atoms. 

Crystallography, from x^u^rakkos, a crystal or ice, and y^eupu, to 
describe ; the science which treats of crystals. 

Crystallization ; the formation of crystals during the passage of 
certain substances from a fluid to a solid state. 

Cube, -ic ; a solid figure contained by six equal squares. 

Cyanogen, from »u»f9s, blue, and ytweuif, to produce ; a colourless gas 
composed of carbon and nitrogen (CsN). Its chemical proper^ 
ties much resemble those of oxygen and chlorine ; it derives its 
name from the circumstance of its entering into the composition 
of Prussian blue. 

Cyanide ; a compound of cyanogen with a metal, is called a cyanide, 
as cyanide of potassium (K,C2N). 
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Decomposition; the resolution of a compound Bubstance into its 
component parts. 

Decrepitation, from de, from, and crepUo, to crackle ; the crackling 
noise which certain salts make when heated, usually caused by 
the sudden escape of water. 

Deflagration, from defagro, to bum ; burning. 

Deliquescence, from deligueo^ to melt; a gradual melting or dis> 
solving, caused by the absorption of water from the atmosphere. 

Density, from demus, thick ; vicinity or closeness of particles ; spe- 
cific weight. 

Deoxidize ; to deprive of oxygen. 

Detonation, from detono, to thunder ; explosion accompanied with 
noise. 

Diaphanous, from ^ia, through, and (paivv, to shine; that which 
allows a passage to the rays of light, but disperses them so as to 
prevent direct vision. 

Diathermanous, from ha, through, and h^fMfy heat ; that through 
which heat will pass, is said to be dicUhermanaus. 

Dimorphous, from l)s, twice, and fM^^ti, a form ; having two distinct 
crystalline forms. 

Disintegration, from dis, meaning separation, and integer, whole ; 
a complete separation of particles. 

Distillation, a separation drop by drop ; the process by which a 
fluid is separated from another substance by being first converted 
into vapour, and afterwards condensed drop by drop. 

Dodecahedron, from hi^txeiy twelve, and e$^«, a base or side ; a 
solid figure contained by twelve equal sides. 

Ebullition, from dmUio, to boil ; the act of boiling. 

Effervescence ; the escape of bubbles of gas formed in a liquid, as 
when marble is decomposed by hydrochloric acid. 

Efflorescence, from effloresco^ to blow as a flower ; the fonnation 
of small crystals on the surfaces of bodies* in consequence of the 
abstraction of water from them by the atmosphere. 

Electricity, from «X«*Tgtf», amber ; the name of a power of matter, 
which produces a variety of peculiar phenomena, the first of 
which were observed in the mineral substance called amber ; the 
laws, hypotheses, and experiments by which they are explained 
and illustrated constitute the science of electricity. 

Electrode, from Hksxr^oit, electricity, and o^og, a way; the point at 
which an electric current enters or quits the body through which 
it passes. 
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Electrolysis, -lyte, from ^Xtxr^ot^ electricity, and Xvu, to loosen ; 
the act of decomposing bodies by electricity. 

Element, from elementum, an element; that which cannot be re- 
solved into two or more parts, and contains but one kind of 
ponderable matter. 

Empyreumatic, from tv, in, and ^v^, fire ; having the taste or smell 
of burnt animal or vegetable substances. 

Endosmosb, fix)m Wov^ within, and ufffAos, the act of pushing ; a 
flowing from the outside to the inside. 

Equivalent, from aquns^ equal, and vcUeo^ to be worth ; equal in 
value, or in the power of combining with other substances. 

Evaporation, from e, out, and vapor, vapour ; the conversion of a 
liquid into vapour. 

Exosmose, from l|a>, without, and oto'/ies, the act of pushing ; a flow- 
ing from the inside to the outside. 

Expansion, from eaipanclo^ to open out ; the enlargement or increase 
in the bulk of bodies, which is produced by heat. 

Experiment, from easperior^ to attempt, to try ; something done in 
order to discover an uncertain or unknown effect. 

Explosion, from ex, out, and plaudoy to utter a sound; a sudden 
expansion of an elastic fluid, with force and a loud report. 

Fermentation, from fermentum, that which is light and puffy; 
originally applied to the process by which alcohol is formed in 
saccharine liquids. 

Ferruginous, from ferrum, iron ; belonging to, or resembling, iron. 

Filter, a strainer. 

Fluorine, from fluo, to flow ; an elementary principle contained in 
fluor spar, which is so called from its acting as a flux in the 
working of certain minerals. 

Flux, from fltio, to flow ; that which itself readily melts when heated, 
and assists in the fusion of other substances when mixed with it. 

Focus, from focus, a flre-place ; a point in which a number of rays of 
light or heat meet, after being refracted or reflected. 

Gas, a permanent aeriform fluid. 

Gelatinous, from gdo, to freeze ; resembling jelly. 

Gravity, from gravis, heavy ; the natural tendency of bodies to fall 
towards a centre, usually the centre of the earth. 

Gravity, Specific ; the relative gravity or weight of a body, consi- 
dered with regard to an equal bulk of some other body, which is 
assumed as a standard of comparison. 



w 



260 APPENDIX. 

Hktbroobnbous, from fri(«f, difiGerent, and 94»«f, kind ; different in 
nature and properties. 

HoMOOBNBOuSy from ifiAiy like, and ^iy^f , kind ; alike in nature and 
properties. 

Htdratb, from v^^, water ; any substance which contains water 
chemically combined. 

Hydrogen, from i;^^ , water, and yivtoM^ to produce ; an inflam- 
mable, colourless, and aeriform fluid ; the lightest of all known 
substances, and one of the elements of water. 

Hydro; when prefixed to the name of a chemical substance, denotes 
that hydrogen enters into the composition of the substance which 
it signifies. « 

Hydrostatics, frt)m 1;^^, water, and tf-rm^, poised; the branch of 
Natural Philosophy which treats of the pressure and equilibrium 
of non-elastic fluids, and also of the weight, pressure, &c., of 
solids immersed in them. 

Hypo, from vfro, under ; when prefixed to a word, denotes an inferior 
quantity of some ingredient which enters into the composition of 
tiie substance which it signifies. 

Hypothesis, from xnrl^ under, and ri^nfii, to place ; a principle sup- 
posed, or taken for granted, in order to prove a point in question. 

loNiTB, from ifffUsy fire ; to heat a substance to redness ; to set on 
fire. 

Imponderable, from tn, not, and pofuHero, to weigh ; that which has 
no perceptible weight. 

Incandescent, from incandesco^ to grow white; white or glowing 
with heat. 

Increment, from incresco, to increase ; the quantity by which any- 
thing increases or becomes greater. 

Induction, electrical, from in, to, and duco, to lead ; the effect 
produced by the tendency of an insulated electrified body, to ex- 
cite an opposite electric state in neighbouring bodies. 

Inertia, from inertia, inactivity; the disposition of matter to remain 
in its state of rest or motion. 

Inflammable, from in, and Jlatntna, a flame ; capable of burning 
with a flame. 

Insulation, from insula, an island; when a body containing a 
quantity of free heat or electricity, is surrounded by non-con- 
ductors, it is said to be insulated. 

Interstices, from interstitium, a break or interval ; the unoccupied 
spaces between the molecules of bodies. 
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Iodide ; a compound of iodine and a metal. 

Iodine, from fav, a violet, and iTJaj, the form or likeness ; a soft 
opaque elementary substance, which, when heated, sublimes in 
the form of a yiolet-coloured vapour. 

Isomeric, from W, equal, and fii^og, a part ; substances which con- 
sist of the same ingredients, in the same proportions, and yet 
diflfer essentially in their properties, are called isomeric. 

Lamina, from lamina, a thin plate ; extremely thin plates, of which 
some solid bodies are composed. 

LBViGATiQiir, from lavis, smooth ; the reducing of hard bodies to a 
very fine powder, by grinding with water. 

LiGNiN, from lignum, wood ; an organic principle of which the fibres 
of vegetables are mainly composed. 

Litmus; a blue pigment obtained from the lichen rocceUa; it is a 
most delicate test for acids, which turn it red. 

Malleable, from maUeus, a hammer ; that which is capable of being 
spread out by hammering. 

Metallurgy, from /tcraXXtfy, a metal, and t^yov, a work ; the art of 
working metals, and separating them from their ores. 

Molecules, -ar, a diminutive from moles, a mass; the infinitely 
small material particles, of which bodies are conceived to be ag- 
gregations. 

Mucilaginous ; resembling mucilage or gum. 

Murbxide, from murex, a fish affording a purple dye ; a beautiful 
purple compound, resulting from the decomposition of uric acid 
by means of nitric acid. 

Nascent, from nascor, to be bom ; in the monient of formation. 

Nitrogen, from vir^ov, nitre, and ytwdw, to produce; a colourless 
elementary gas, devoid of taste and smell ; it is one of the consti- 
tuents of the atmosphere, and also of nitric acid, from which 
latter circumstance it derives its name. 

Nitrogenous ; containing nitrogen in combination. 

Nucleus, from nucleus, a kernel; the central parts of a body, which 
are supposed to be firmer, and separated from the other parts, as 
the kernel of a nut is from the shell ; also, the point about which 
matter is collected. 

Octohedron, -al, from o»rat, eight, and t^^a, a side ; a solid figure 
contained by eight equal and equilateral triangles. 
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Olbfiant gas, from oleum^ oil, and /£o, to become ; a colourless gas, 
composed of carbon and hydrogen (C4H4), which derives its 
name from its property of forming an oil- like liquid with 
chlorine. 

Organic matter, from Sayawty an organ ; matter of which the or- 
ganic parts or juices of plants and ftnima^ft are composed, or which 
is derived from such parts by the action of chemical agents, is 
called organic, 

OxiDB ; a compound of oxygen with a metal or non-metallic body, not 
having acid properties. 

OxiDizB ; to combine with oxygen. 

OxvGBN, from i^vf^ acid, and ytwxet, to produce ; a colourless, ele- 
mentary gas, which was formerly supposed to be the universal 
acidifying principle. 



Pblliclb, a diminutive from pellis^ a skin or crust ; a thin cmst 
formed on the sur&ce of a solution by evaporation. 

Pbrcolatb, from per, through, and colo, to strain ; to strain through. 

Pbrmbatb, from permeo, to pass through ; to penetrate. 

Phbnombnon, from ^aifafMu, to appear; an appearance which is 
more or less remarkable. 

Philosophy, from (pskiat, to love, and v^ia, wisdom ; the study or 
knowledge of nature or morality, founded on' reason and expe- 
rience ; the word originally implying ** A love of wisdom." 

Phlogiston, from (pxtyeit, to bum ; a name given by the older che- 
mists to an imaginary substance, which was considered as the 
principle of inflammability. 

Phosphorus, from ^Ss, light, and ^i««, to produce : a highly inflam- 
mable elementary, substance, obtamed from calcined bones, which 
emits light when placed in the dark, owing to its undergoing a 
slow combustion. 

Physics, -ical, from ^u^tg, nature ; the science of natural bodies, their 
phenomena, causes, and effects, with their affections, motions, and 
operations. 

Pneumatics, from irnvfMt, air ; that branch of Natural Philosophy 
which treats of the weight, elasticity, and other properties of 
aeriform fluids. 

Polarity; the opposition of two equal forces in bodies, similar to 
that which confers the tendency of magnetized bodies to point 
towards the magnetic poles. 

Polarized light ; light, which by reflection or refraction at a certain 
angle, or by refraction in certain crystals, has acquired the pro- 
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perty of exhibiting opposite effects in planes at right angles to 
each other, is said to be polarized. 

Pores, from fra^a;, a passage ; the small interstices between the solid 
particles of bodies. 

Precipitation, from prcBcipito, to fall suddenly; the formation and 
separation of a solid substance in a liquid. 

Product, from jdto, forth, and dtico, to draw ; anything formed from 
the elements of another by an operation. 

Pyro, from ^V0, fire ; when prefixed to a word, denotes that the sub- 
stance which it signifies, has been formed at a high temperature. 

Qualitative ; regarding the properties of a body, and the kinds of 
matter of which it is composed, without reference to quantity. 

Quantitative ; regarding quantities. 

Radiation, from radius, a ray ; the shooting forth in all directions 
from a centre. 

Rarefaction, from rams, rare, and facio, to make ; the act of caus- 
ing a substance to become less dense ; it also denominates the 
state of this lessened density. 

Rectification ; the process of drawing anything off by distillation, in 
order to obtain it in a state of greater purity. 

Refraction, from re, back, and frango, to break; the deviation of 
rays of light or heat from their direct course, when passing 
through media of different densities. 

Refrigeration, from re, again, Siudfrigus, cold ; the act of cooling. 

Repulsion, from re, back, and pello, to drive ; that property in cer- 
tain bodies, whereby they mutually tend to recede from each 
other. 

Salifiable bases, from sal, salt, and^, to become; bodies capable 
of combining with acids, to form salts. 

Sapid, from sapio, to taste of; possessing the power of exciting the 
organs of taste. 

Saturation, -ated, from satur, full ; the solution of one body in 
another until the receiving body can contain no more. A solu- 
tion is said to be saturated with an acid or an alkali, when the 
latter is added in sufficient quantity to render it neutral, and 
supersaturated when the point of neutrality has been exceeded. 

Solution, from solvo, to loosen or melt ; any liquid which contains 
another substance dissolved in it. 

Solvent ; any substance which wiU dissolve another. 
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Specific, from species^ a particular sort or kind ; that which deno- 
minates any property which is not general, but is confined to an 
individual or species. 

Specific gravity ; see Gravity, specific. 

Sublimation, from stMimis^ high ; the act of raising into yapour by 
means of heat, and condensing in the upper part of the vessel. 

Sulphide ; a combination of a metal with sulphur. 
Supersaturate ; see Saturation. 

Ternary, from ter, thrice ; containing three units. 

Tetrahedron, from wo'et^ts, four, and n^a, a base or side ; a solid 
figure contained by four equal and equilateral triangles. 

Transparent ; a term to denote the quality of a substance which 
not only admits the passage of light, but also of the vision of ex- 
ternal objects. 

Triturate, from trituroy to thresh ; to reduce to powder. 

Vacuum, from vacuuSy empty; a space empty, and devoid of all 
matter. 

Volume, from volumen, a roll; the apparent space occupied by a 
body. 

Weight ; the pressure which a body exerts vertically downwards, in 
consequence of the action of gravity. 

Zero; the numeral 0, which fills the blank between the ascending 
and descending numbers of a series. 
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